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WITH THE increasing use of endocrine ther- 
apy in veterinary medicine, there is a need 
for clinical tests which will aid in the diag- 
nosis of endocrine diseases in domestic ani- 
mals. It is our purpose to present here a 
simple diagnostic test that is used in human 
medicine as a screening method for evaluat- 
ing adrenal cortical function, a procedure 
which we feel will be useful for this pur- 
pose in the dog. 

In man and in various laboratory ani- 
mals, administration of adrenocorticotropic 
hormone (ACTH) leads to a marked de- 
crease in circulating eosinophils.**** The 
exact cause of the decrease is not known, 
but it has been established that it is related 
to an increased secretion of adrenal cortical 
hormone (or hormones) by the adrenal cor- 
tex as a result of stimulation by ACTH. 
In Addison’s disease of man, a condition in 
which adrenal cortical function is essen- 
tially lost, little or no fall of cireulat- 
ing eosinophils occurs after injection of 
ACTH.®*:"* However, if a suitable adrenal 
cortical hormone is administered to indi- 
viduals with this disease (or to normal in- 
dividuals) an eosinopenia oecurs.*:* In 
addition to the fall in eosinophils, there is a 
concurrent decrease in circulating lympho- 
cytes and an inerease in neutrophils fol- 
lowing administration of ACTH or one of 
the suitable adrenal cortical hormones in 
man. 


Assistant professor of physiology and pharmacology 
(Martin); senior student (Skillen); and assistant profes- 
sor of veterinary pathology (Deubler), School of Veteri- 
nary Medicine, University of Pennsylvania, Philadelphia. 


In laboratory animals (mice, rats, and 
rabbits) with intact adrenal glands, but 
not in adrenalectomized animals, injection 
of ACTH leads to an eosinopenia and lvm- 
phopenia similar to those described for 
man.*'® In dogs, Reinhardt al.'* have 
shown that subcutaneous injection of 10 
mg. of ACTH resulted in a lymphopenia 
within six hours. 

Since there appears to have been no de- 
tailed studies dealing with the effect of 
ACTH on circulating eosinophils in normal 
or diseased dogs, we decided to investigate 
the problem in this species using animals 
maintained under elinical conditions. 


METHODS 


Adrenocorticotropiec hormone was employed in 
two forms.,* 10 international 
units (I1.U.) per cubic centimeter of ACTH in a 
gelatin vehicle containing 30 per cent propylene 
The contained 40 LU. of 
ACTH in a gelatin vehicle containing 0.5 per cent 
phenol. The preparations are standardized so that 
1 L.U. is equivalent to 1.0 mg. of ACTH. 

The effect of ACTH on circulating eosinophils 
was studied in the following manner. Between 9 
a.m. and 10 a.m. a blood sample of approximately 
1.0 ec. was taken from the animal to be tested. 
The blood was drawn in a heparinized syringe from 


One form contained 


glycol. second type 


the cephalic vein. Heparin is the preferable anti 
coagulant since it has been observed that oxalate 
results in a rather rapid destruction of dog eosino 
phils. Immediately after taking the blood sample, 
a dose of ACTH was injected intramuscularly. A 
direct eosinophil count was made on each blood 


* ACTH used in these studies was generously supplied 
by the Veterinary Research Division, The Armour Lab 
oratories, Chicago, Ill. 
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sample within one hour after it was drawn, and 
this was designated as the initial or control count. 
At varying intervals after the injection of ACTH, 
additional heparinized blood samples were taken 
and eosinophil counts were made. 

The following technique was employed in mak 
ing counts. The heparinized blood sample was 
thoroughly mixed by inverting several times the 
tube in which it was contained. Blood was drawn 
up to the 1 mark in a standard white-cell-counting 
pipette. A special diluting fluid was then drawn up 
to the 11 mark on the pipette. A second pipette 
was filled in the same manner, and both were 
shaken for two minutes. Each pipette was used to 
fill two hemocytometers; that is, each pipette was 
used to fill all four counting chambers on its re 
spective hemocytometers or eight counting cham 
bers in all. Before the chambers were filled, three 
drops were discarded from the pipette so that only 
diluting fluid which had been admixed with blood 
would be used. After waiting fifteen minutes, the 
cells in all nine squares of each chamber were 
counted. The number of eosinophils was caleu 
lated using the following formula: average count 
per chamber x 11.1 = number of eosinophils per 
eubic millimeter. The percentage of change in 
eosinophil count in blood samples taken after ad 
ministration of ACTH was computed using the 
formula: 

Eosinophils/mm.’ after ACTH 


Eosinophils/mm.* before AC TH 


100 — x 100 


The diluting fluid employed in making eosino 
phil counts was deseribed by Pilot.” It is prepared 
as follows: 


Propylene glycol 0 ml, 

Distilled water 

1% phloxine in distilled water 
(stock solution) 


10% sodium earbonate (stock solution ) 


10 ml. 
1 ml. 


The ingredients are mixed with special eare taken 
to prepare and measure the sodium carbonate solu 


INJECTED 


¢—ACTH 


123880856 867608 Om 
Fig. 1—The average decrease in circulating 
eosinophils at various hours after intramuscu- 
lar administration of ACTH in doses of 5 to 50 
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tion in an accurate manner. Then the solution is 
filtered. The final solution is stable at room tem 
perature for at least one month. It has the prop 
erty of lysing all blood cells except the eosinophils 
which are stained a deep red and stand out clearly 
in the counting chamber. The fifteen-minute wait 
after mixing the solution in the pipettes is to al 
low complete lysis of other cells. For this, the 
sample may be allowed to remain in the pipette or 
it may be placed in the counting chamber. If left 
in the pipette during this period, frequent shaking 
is advisable. 
RESULTS 

Results are shown in table 1 and in fig- 
ures 1 and 2. 

A total of 33 separate experiments on 18 
different dogs were conducted (table 1). 
Dosage of ACTH varied from 5.0 to 50.0 
I.U. intramuscularly. In 5 eases, no ACTH 
was administered and counts were made at 
various intervals. There appeared to be no 
significant difference in the response of cir- 
culating eosinophils to either maximum or 
minimum dosage of ACTH employed and 
therefore, after a few initial experiments, a 
dose of 10 I.U. was selected for testing the 
eosinophil response in the majority of ani- 
mals. A relatively consistent *ecrease in 
circulating eosinophils oeccurreu with this 
dose regardless of the weight of the animals 
which varied, in these experiments, from 12 
to 65 Ib. 

Initial eosinophil counts varied consider- 
ably among different animals and also in 
the same animals when made at different 
times. The range of initial counts was from 
10 to 1,285 eosinophils per cubic millimeter. 
Nine animals listed in table 1 (3, 4, 5, 7, &, 
9, 10, 11, and 16) were suffering from some 
disease or had undergone surgery shortly 
before being used in this study, and in gen- 
eral their initial eosinophil counts were 
lower than in the other dogs (1, 2, 6, 12, 18, 
14, 15, 17, and 18) which were considered 
to be normal. The average of 12 initial 
eosinophil counts made on the diseased dogs 
and on the dogs which had undergone sur- 
gery was 281, whereas the average for nor- 
mal animals was 735 per cubic millimeter. 
Thirteen different eosinophil counts were 
made on dog 1. The initial eosinophil 
counts for this animal varied from 588 to 
1,035 eosinophils per cubic millimeter with 
the average being 778 per cubic millimeter. 
The possible significance of these variations 
will be discussed later. 
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In all of the 28 experiments in which 
ACTH was administered, a marked de- 
crease in circulating eosinophils occurred 
(table 1). When the change in the number 
of eosinophils is expressed in percentage, 
there appears to be no relation to the initial 
count. In general, the same magnitude of 
decrease in eosinophils is observed after 
ACTH administration whether the initial 
count be high or low. In the five trials in 
which no ACTH was administered, there 
was little or no change in eosinophils when 
counts were made at seven-hour intervals. 

The rate of fall of circulating eosinophils 
at various hours after the administration 
of ACTH is shown in figure 1. The great- 
est number of counts were made at the 
seventh hour after the administration of 
ACTH since in most animals the number 
of circulating eosinophils had reached a 
very low level at this time. The average 
decrease in eosinophils at the seventh hour 
for all doses of ACTH was 91 per cent 
with a range of 75 to 99 per cent (table 
1). Between the seventh and ninth hours 
there is a further tendency for the cells to 
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decrease in number, but the observations 
made to date after seven hours are too few 
to be of any significance. In 3 cases counts 
were made twenty-four hours after admin- 
istration of ACTH, and at this time the 
number of eosinophils in all animals tested 
was returning toward the initial level. 
One objective of this study was to deter- 
mine the minimum dose of ACTH which 
would produce a maximum fall in cireu- 
lating eosinophils in the dog. While a dose 
of 5.0 I.U. of ACTH resulted in a marked 
decrease of eosinophils in the 3 eases in 
which it was employed (table 1), a dose 
of 10 I.U. was used in most animals since 
it appeared that this dose might be more 
suitable for the wide weight ranges en- 
countered in various breeds of dogs. A 10- 
mg. dose was used in 19 trials on 14 ani- 
mals in which counts were made up to at 
least seven hours after administering the 
hormone (fig. 2). For comparison, this 
group is divided into those exhibiting some 
disease process and those which were con- 
sidered normal. When calculated as per- 
centage of the initial count, the average 


TABLE 1—Circulating Eosinophil Response in Dogs to Various Doses of Adrenocortico- 
tropic Hormone (ACTH) 


Dose 
Exper ACTH 
(No ) (1.U.) 


None 


> 


to to 


wre 


Eosinophil count (cells/mm. ) 
Before ACTH After ACTH™ 


1,022 1,034 (7) + 1 
9R3 883 (7) 10 
1,035 205 (6) Ru 
719 33(13) 95 
705 17 (7) 
674 28 (6) 96 
599 86 (6) R6 
922 15(11) 9R 
5RR 14 (7) 9s 
602 86 86 
733 610 16 
838 11 99 
688 145 


Eosinophils 
% change 


736 
128 
103 
233 
691 
O80 
242 
78 
403 
392 


209 


ds) 


to 


* Figures in parentheses indicate hours after ACTH that eosinophil count was made 


(No.) 
1 1 65 
2 None 
4 50 
5 50 
6 25 
15 
4 5 
10 
10 
10 
None 
10 
10 
a 3 40) None 638 ( 13 
7 25 25 11 ( 92 
| 10 25 5 
11 25 10 25 ( Ro 
a 14 50 10 16 ( 98 
7 15 30 10 1 91 ( 92 
7 26 10 44 ( a2 
tal 16 20 10 ( 92 
9 18 18 10 4 ( 88 
9 19 None 3oR 0 
10 20 50 10 | ( OR 
10 29 10 325 1 ( 
11 1 12 10 172 ( 75 
12 r 4 45 10 322 ( 98 
13 [: 65 10 872 ( 95 
hy 14 o4 50 10 372 ( 99 
15 35 10 90 ( 
16 0 18 10 10 ( — 80 
bs 17 32 50 10 1,285 ( 81 
a 18 33 12 10 253 ( OR 
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fall in eireulating eosinophils at the sev- 
enth hour was 87 per cent for the former 
group and 92 per cent for the latter. The 
results of the five trials in which no ACTH 
was administered are also shown in figure 2. 
DIsCUSSION 

The decrease in circulating eosinophils 
following administration of ACTH is re- 
lated to an inereased secretion of adrenal 
cortical hormone. However, the exact mech- 
anism responsible for this change is not 
known. Reinhardt and Li'* reported that 
injection of ACTH in rats resulted in a 
rapid decrease in the number of lympho- 
cytes appearing in the thoracic duct lymph 
and postulated that the cause was a de- 
ereased outpouring of these cells from the 
thymus and lymph nodes. It is possible 
that there is also a decreased outpouring of 
eosinophils from the bone marrow. Muehrke 
et al.* ineubated defibrinated blood with 
cortisone and found a highly significant 
fall in eosinophils within four hours. In 
other work, Feldman * found that addition 
of lipo-adrenal cortex to blood samples 
caused a rapid and complete destruction 
of lymphocytes. These studies would seem 


to indicate that one possible explanation 
for the eosinopenia and lymphopenia fol- 


lowing the administration of ACTH or 
adrenal cortical hormone is that the latter 


PER CENT CHANGE 


4 


MARTIN—SKILLEN 


4 
CONTROL DISEASED NOR MAL 
Fig. 2—The percentage of change in eosino- 
phils seven hours after injecting 10 mg. of 
adrenocorticotropic hormone. 
The control group received no ACTH; the dis- 
eased group included a variety of diseases none 
of which are thought to be associated with an 
adrenal cortical dysfunction; the normal group 
included dogs showing no obvious signs of 
disease. 
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compounds cause a lysis of the cells. It 
appears that only adrenal cortical hor- 
mones of the 1l-oxysteroid type, of which 
cortisone (11-dehydro-17-hydroxy-cortico- 
sterone) is representative, are responsible 
for the decline in eosinophils. Godlowski ® 
is of the opinion that the 1l-oxygenated 
corticosteroids accelerate intracellular pro- 
teolysis which leads to the lysis of these 
cells. Desoxycorticosterone, a member of 
the 1l-desoxy group of adrenal steroids, 
does not produce a similar decrease in the 
number of circulating eosinophils. 

In addition to the injection of ACTH or 
one of the suitable adrenal cortical prep- 
arations, many other agents or conditions 
leading to increased activity of the adrenal 
cortex result in a fall in circulating eosino- 
phils. Examples of these in man are major 
surgery,'* excessive heat or cold,’® injee- 
tion of insulin,’ pregnaney, labor, and 
eclampsia.” There are numerous reports 
on the action of epinephrine as an agent 
which produces an eosinopenia and a lym- 
phopenia.'':'° In dogs, injection of 0.3 to 
1.0 mg. of epinephrine subcutaneously 
leads to a 50 per cent fall in eosinophils 
within four hours."! 

Extreme variations in the initial eosino- 
phil count observed in different dogs em- 
rloved in this study may reflect differences 
in their levels of adrenal cortical activity 
at the time the tests were carried out. Dog 
30 was suffering from congenital heart 
disease (suspected interventricular septal 
defect) and exhibited frequent bouts of 
evanosis. It can be supposed, therefore, 
that the animal was in a more or 
chronic state of stress, which may account 
for the very low initial eosinophil count 
(10/eu. mm.). The initial eosinophil count 
may prove to be of some diagnostic sig- 
nificance since in severely ill animals one 
would expect a low level of eosinophils if 
there is sufficient adrenal cortical reserve. 
Coffin and Munson? reported the presence 
of an eosinopenia and a lymphopenia in 
dogs suffering from Cushing’s syndrome, 
and we have observed an eosinopenia in a 
dog with an adrenal tumor. In both con- 
ditions, there is produced an excess of ad- 
renal cortical hormone. 

In man, the circulating eosinophil re- 
sponse to an injection of ACTH is em- 
ployed as a test for evaluating adrenal 
cortical reserve. The test consists of mak- 
ing a direct egsinophil count immediately 


less 
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before and four hours after the intramus- 
cular injection of 25 1.U. of ACTH. A fall 
in eosinophils of 50 per cent or more usu- 
ally indicates a satisfactory adrenal cortical 
Thorn ** states that if the fall in 
eosinophils fails to occur, a complete ab- 
sence of adrenal cortical may be 
assumed. Conversely, a significant decrease 
in circulating eosinophils exeludes Addi- 
son’s disease. In man, it has been deter- 
mined that the initial level of eosinophils 
does not affect the percentage fall except 
during the height of allergic eosinophilia 
when the production of these cells exceeds 
their disappearance. 

The study reported here forms the basis 
for a method to evaluate adrenal cortical 
reserve in dogs. Obviously, before this 
method can be accepted as an established 
diagnostic aid, it will be necessary to em- 
ploy it in clinical cases where it can be 
established definitely by other critical tests 
(chemical and/or bioassay) that a fune- 
tional deficiency of the adrenal cortex ex- 
Presumably, cases of adrenal cortical 
deficiency are rare in dogs, but it may 
well be that they have not been recognized 
because of a lack of suitable diagnostic 
methods. The experiments reported here 
indicate that in normal dogs, or in dogs 
suffering from diseases in which there is 
no reason to suspect an adrenal cortical 
deficiency, the circulating eosinophil re- 
sponse to ACTH is essentially similar to 
that observed in man. Therefore, in its 
present form, the described procedure 
should be of value as a clinical screening 
method for evaluating adrenal cortical re- 
serve in dogs. A fall in circulating eosino- 
phils of 70 per cent or more within seven 
hours after administering ACTH is pre- 
sumably indicative of satisfactory adrenal 
cortical reserve in dogs. If a fall of less 
than 70 per cent is obtained, the procedure 
should be repeated to eliminate the possi- 
bility of technical errors or other transient 
factors which may alter the eosinophil re- 
sponse. Although no opportunity has arisen 
to employ this procedure in a known clini- 
eal case of adrenal cortical deficiency, we 
feel that less than a 70 per cent fall within 
seven hours would be evidence of such a 
deficiency. Like all clinical diagnostic pro- 
cedures, this particular test must be corre- 
lated with other clinical findings and, if 
possible, with other more critical tests. In 
severe stress (e.g. infectious diseases), a 
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normal adrenal cortex might be temporar- 
ily depleted in which case no eosinopenia 
would oecur in response to the injected 
ACTH. Possibly such a finding would 
indicate a need for adrenal hormone re- 
placement therapy. However, the clinical 
history should differentiate such a tempo- 
rary depletion from a chronic adrenal in- 
sufficiency. 

Other situations in which the eosinophil 
count may not decrease following ACTH 
injection are those of certain cases of al- 
lergy and parasitism. In these cases, there 
may be a marked eosinophilia, with the 
production of cells exceeding the ability 
of cortical hormone to destroy them. In 2 
dogs (not reported here), a marked rise in 
eosinophils occurred within two hours after 
administration of ACTH. The eosinophil 
level later fell below the initial count, but 
even at eight hours after the injection of 
ACTH a 70 per cent decrease in the eosin- 
ophil count had not been reached. These 
cases may reflect an allergic reaction to 
ACTH which is protein in nature. How- 
ever, neither animal exhibited any other 
signs of such a reaction urticaria, 
dyspnea, or facial edema). 


SUMMARY 


Injection of 5 to 50 international units 
of adrenocorticotropic hormone (ACTH) 
in normal dogs, or in dogs suffering from 
diseases in which no adrenal cortical defi- 
ciency is known to exist, resulted in a 75 
to 99 per cent decrease in circulating eosin- 
ophils within seven hours. It is suggested 
that the circulating eosinophil response to 
ACTH may be useful as a screening method 
for evaluating adrenal cortical reserve in 


dogs. 


References 


1 Coffin, D. L., and Munson, T. O.: 
of the Dog Associated with Hair Loss. 
(1953): 402. 

2 Davis, M. E., and Hulit, B. E.: Changes in Circulat 
ing Eosinophils in Women During the Menstrual Cycle 
and Reproduction. J. Clin. Endocrinology, 9, (1949) 
714. 

* Dougherty, T. F., and White, A.: Influence of Hor 
mones on Lymphoid Tissue Structure and Function. The 
Role of Pituitary Adrenotropic Hormone in the Regula 
tion of the Lymphocytes and Other Cellular Elements of 
the Blood. Endocrinology, 35, (1944): 1. 

*Feldman, J. D.: The In Vitro Reaction of Cells to 
Adrenal Cortical Steroids with Special Reference to Lym 
phocytes. Endocrinology, 46, (1950): 552. 

5 Forsham, P. H., Thorn, G. W., Prunty, F. T. G., and 
Hills, A. G.: Clinical Studies with Pituitary Adreno 
corticotropin. J. Clin. Endocrinology, 8, (1948): 15. 


Endocrine Diseases 
J.A.V.M.A., 123, 


44 


® Godlowski, Z. Z.: Enzymatic Concept of Anaphylaxis 
and Allergy. E. & S. Livingstone Ltd., Edinburgh and 
London, (1953): 60-104. 

7 Godlowski, Z. Z.: Eosinopenia Caused by Adrenalin 
Infusion and by Insulin Hypoglycemia. Brit. Med. J., 1, 
(1948): 46. 


S Hills, A. G., Finch, C. A 


Forsham, P. H., and 


Changes in Circulating Leukocytes Induced by the Ad 


ministration of Pituitary Adrenocorticotropic Hormone 
(AOTH) in Man. Blood, 3, (1948): 755. 

* Muehrcke, R. C., Lewis, J. L., and Kark, R. M.: The 
Effects of Cortisone and Heparin on Eosinophils in De 
fibrinated Human Blood. Science, 115, (1952): 377. 

1%” Pilot, M. L.: Use of Base in Fluids for Counting 
Eosinophils. Am. J. Clin. Path., 20, (1950): 870. 

“4 Recant, L., Hume, D. M., Forsham, P. H., and 
Thorn, G. W.: Effect of Epinephrine on the Pituitary 
Adrenocortical System. J. Clin. Endocrinology, 10 
(1950): 187. 

“ Reinhardt, W. O., Aron, H., 


and Li, C. H.: Effect of 


MARTIN—SKILLEN 


AM. J. VET. RES. 


-DEUBLER OCTOBER 1954 


Picture of 
Biol. and 


Leu kocy te 
Exptl 


Adrenocorticotrophic Hormone on 
Normal Rats and Dogs. Proc. Soc. 
Med., 57, (1944): 19. 

% Reinhardt, W. O., and Li, C. H.: Depression of 
Lymphocyte Content of Thoracic Duct Lymph by Adreno 
corticotrophic Hormone. Science, 101, (1945): 360. 

4% Roche, M., Hills, A. G., and Thorn, G. W.: The 
Level of Circulating Eosinophils as an Indicator of 
Adrenal Cortical Adequacy Following Major Surgery. J 
Clin. Endocrinology, 9, (1949): 662. 

% Speirs, R. S., and Meyer, R. K.: The Effects of 
Stress, Adrenal and Adrenocorticotrophic Hormones on 
the Circulating Eosinophils of Mice. Endocrinology, 45, 
(1949): 403. 

* Stein, H. J., Bader, R. A., 
D. E.: Hormonal Alterations in Men Exposed to Heat 
and Cold Stress. J. Clin. Endocrinology, 9, (1949): 592. 

% Thorn, G. W., Forsham, P. H., Prunty, F. T. G., and 
Hills, A. G. 4 Test for Adrenal Cortical Insufficiency 
J. Am. M. A., 137, (1948): 1,005 


Eliot, J. W., and Bass, 


4 


The Structure and Histopathology of the Canine Meniscus 


S. PAATSAMA, D.V.M. 


Helsinki, 


THE STRUCTURE OF THE MENISCUS 


Survey of Literature.—As early as 1905, Ret 
terer*® investigated the structure of the menisci in 
man and in domestic animals. He pointed out that 
the phase of formation of cartilage in sheep, for 
instance, occurs at the postnatal age of 2 to 3 
months, which corresponds to the age of 5 years in 
man. According to Retterer, the fibrous structure 
of the menisci is the same in domestic animals as 
in man, the inner part, the fibrocartilaginous-col 
lagenous part, containing encapsulated cells. Both 
surfaces of the meniscus consist of collagenous 
elastic lamellae containing vesiculated cells more 
or less encapsulated. 

In 1923, Ischido* added a significant contribu 
tion to the knowledge of the menisci in man. The 
meniscus of the newborn child consists of three 
parts, an external zone of connective tissue with 
numerous blood vessels, a middle fibrous zone with 
out blood vessels, and an inner zone with numerous 
and scanty intercellular substance. When 
growth begins, the cells of the middle zone de 
crease in number, the amount of intercellular sub 
stance increases, and traces of fibrocartilage are 
found. Later the blood vessels disappear even 
from the external zone; the structure then 
forms to that of fibrocartilage. 

Szymonowiez and Stéhr-Méllendorff," in their 
textbooks of histology, considered that the menisci 
consist of connective tissue containing round ¢ells. 
Rauber-Kopseh* regarded the menisci as formed 
from bundles of connective tissue and elastic fi 
bers, with a thin cover of fibroeartilage on both 
surfaces, 

In 1937, Schwerdtfeger” @bserved that in pup 
pies the blood vessels in the external vascular zone 
are clearly distinguishable and radiate into the 
inner parts of the meniseus but do not reach the 
As these blood disappear, the 
meniscus changes into fibrocartilage. 

Material and Investigation.—The material con 
sisted of 30 dogs (17 experimental and 13 which 
had been destroyed in the surgical clinic of the 
Royal Veterinary College in Stockholm, Sweden). 
Included were dogs of different breeds and ages, 
the youngest being 2 days old, the oldest 13 years. 

The meniscus of a 2-day-old puppy con- 
sists of connective tissue, the peripheral 
part being attached to the capsule and de- 
riving its blood supply from it. The bundle 
structure of the middle part of the menis- 
cus becomes visible during the period of 


cells 


con 


surface, vessels 


From the Veterinary Medical Institute of the Univer 
sity of Helsinki, Finland. Investigations were made in 
the Royal Veterinary College, Stockholm, Sweden 


Finland 


growth, and at the same time the blood 
vessels disappear. The surfaces and the 
inner border of the meniscus become ho- 
mogeneous, and the hyalinization of the in- 
ner border increases with age and seems to 
have importance as an elastic lamella in the 
function of the meniscus. 

In the inner part of the meniscus of full- 
grown dogs, the collagen fibers are ar- 
ranged in undulating fiber bundles run- 
ning parallel to the peripheral border and 
following the shape of the meniscus from 
insertion to insertion. The undulating 
structure of the inner part seems to give to 
the meniscus its functional elasticity. The 
bundles stain evenly, and seanty metachro- 


Fig. 1— The left stifle joint of an 8 year-old 
Rottweiler showing multiple tears of both me- 
nisci; a total rupture of the anterior cruciate 
ligament which is almost entirely absorbed; os- 
teoarthritis showing defects of the cartilages, 
excrescences at the outer border of the femoral 
condyles, at the border of the tibia, and of 
the patella; synovitis and thickened fibrous 
capsule. 
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matic tissue of chromotropic substance, 
which forms stripes in the fiber structure, 
is easily discerned between them. 
THe HISTOPATHOLOGY OF THE MENISCUS 

Survey of Literature—tThe histopathology of 
the menisci in man has been investigated by Isch- 
Mandl,® Tobler,” Bireher,? Wallinheimo,* and 
revealed that fatty 
degeneration is the most common pathological 
change and that it may begin early. The myxo- 
matous degeneration or ‘‘schleimige degeneration’? 
also begins early in man, and it involves a gradual 
decomposition of the structure with a tendency to 
ward the assimilation of calcium. The transforma 
tion of fibrocartilage into hyaline cartilage is more 


ido,* 


others. These investigations 


rare. 

In older individuals, the different forms of de- 
generation are usually combined. The pathological 
changes are often primary, that is, independent of 
the state of the other parts of the joint. However, 
if the joint has injured the pathological 
changes have to be regarded as the consequence of 


been 


the derangements of the other parts. 
Through the repeated formation of fissures, the 


meniscus may collapse and tear without any 


Fig. 2—Hyalinized areas in the anterior horn of 

the medial meniscus of a 4year-old German 

Drahthaar Pointer, eight weeks after trauma. 
Van Gieson stain. x 78. 
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Fig. 3—Colliquative necrosis in the periphery 
of the meniscus of an Alsatian, 13 years old. 
Foot and Foot silver impregnation. x 78. 


trauma. 
pressure, there is not such 
Instead, cysts occur in this zone, 


In the periphery, which is subject to less 
a pronounced tendency 
to form fissures. 
as the result of a degenerative process. 

Schwerdtfeger * observed in the dog that from 
the third year on there is a disintegration of the 
nuclei. From the seventh year on, degeneration of 
the nuclei and necroses of the cartilage cells take 
place, and hyalinization and 
appear ia the horns and the borders of the menisci. 
These increase with age. 

Material and Investigation.—The 
sisted of 58 dogs, including 28 operated upon in 
the surgical clinic for internal derangements of 
the stifle joint, and the 30 dogs mentioned pre- 
viously. These dogs were used to investigate the 
development of osteoarthritis cutting 
the cruciate ligament or the development of patho- 


calcification zones 


material 


caused by 


logical changes as a result of cutting the meniscus 
or removing it entirely. The specimens used were 
from the whole menisci, except in the eases of the 
dogs which had undergone surgery where they were 
collected from the removed part of the menisci. 
For the examination, the menisci were cut trans 
and longitudinally. All the 


stained by the method of van Gieson, some were 


versely slides were 


also stained with hematoxylin-eosin, thionine, Syl- 
ven’s toluidine blue, Ladevigs stain, and the silver- 
Foot Foot. Furthermore, 


impregnation of and 
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some of the slides were stained with Scharlach rot 
for fat, Bock’s calcium stain, and Weigert’s elas- 
tie stain. 
A detailed analysis of the menisci of 20 
dogs (which are chronologically the first of 
37 dogs examined during 1951) operated 
upon for internal derangements of the 
stifle joint is given in table 1. This degen- 
erative arthritis is most typical in certain 
breeds, Scottish Terrier, Newfoundland, 
Boxer, and Rottweiler. The investigation 
by the author, in 1952," demonstrated that, 
after pathological changes, the anterior 
cruciate ligament ruptured totally or par- 
tially, permitting subluxation movement 
and causing the lesions to develop in the 
menisci, collateral ligaments, articular car- 
tilages, and capsule. Single or multiple 
longitudinal tears, but seldom a transverse 
tear, occur in the menisci. Through the 
strain of the joint the destructive picture 
of a gradually developing osteoarthritis be- 
comes more marked, as is shown in figure 1. 
The hyalinization of the inner border 
was found to have increased, and hyalin- 
ized areas were also found inside the bor- Fig, 4—Fissure in the border areas of the me- 
der part, these areas differing sharply from  niscus of an Alsatian, 13 years old. Foot and 
their surroundings. Extensive hyaliniza- Foot silver impregnation. x 100. 


TABLE 1—A Detailed Analysis of the Menisci of 20 Dogs Operated Upon for Lesions of 
the Stifle Joint 


Lame- 
Breed Age ness Macroscopic finding Microscopic finding 


cruciate ligament 
rosis 


Duration (weeks) 
Post. cruciate ligament 


Lateral meniscus 
Chromotropic subst 
Fatty degeneration 


Medial meniscus 
Osteoarthritis 
Slit formation 


Hyalinization 
Colliquative 


Ant. 


Boxer 
Rottweiler 
Alsatian 
Boxer 
Rottweiler 
Boxer 
Newfoundland 
Alsatian part 

Vorsteher tot 

Alsatian tot 

Airedale Terrier r. tot 
Riesenschnauzer 6 tot 

Rottweiler f - tot 
Riesenschnauzer 6 B. - part part 
Newfoundland tot part 
Alsatian ob tot part, 
Newfoundland 2 - tot part 
Newfoundland f 8 .t. tot. part 
Airedale Terrier 1 us - tot — 


SS 


tot 


1.t.—longitudinal tear; m.].t.—multiple longitudinal tears; p.t.—peripheral tear; tr.t.—transverse tear; tot. 
total rupture; part.—partial rupture. 
- slight alteration; +--+ medium alteration; +--+--+ severe alteration. 


1 i 
6 
9 
10 
11 
i2 + 
13 
14 ' 
15 
16 
17 j j 
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tion was observed in 3 cases (13, 17, and 
20) all of which were old dogs (fig. 2). In 
many cases, hyalinization oceurred to- 
gether with a colliquative necrosis. In hya- 
linized areas, karyolysis was observed. 


Fig. 5—Fatty degeneration and 
tear 


longitudinal 
in the meniscus of a 9-year-old Spitz. 
Scharlach rot. x 78. 


Less often, the border area showed path- 
ological changes; if these changes reached 
the peripheral border, which is rich in 
blood vessels, colliquative necrosis devel- 
oped. This was found in 12 eases (fig. 3). 
In all cases, chromotropic substance oe- 


eurred as irregularly dispersed areas, 
which often followed the shape of the tears. 
It was observed in parallel stainings that 
chromotropic substance occurred in the hy- 
alinized areas. Often in the metachromatic 
areas there were increased numbers of nu- 
clei, which differed from the normal by 
their more rounded form. The amount of 
chromotropic substance was slight in 4 
cases, medium in 11, and abundant in 5. 
The disappearance of the collagen fiber 
bundles and the formation of slits were 
noted in all cases. The slit usually followed 
the fiber structure, which is longitudinal. 
In the hyalinized areas of the borders, slit 
formation was often found (fig. 4). 
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Fatty degeneration was usually eneoun- 
tered only in connection with other changes 
in old dogs. It consisted of diffuse infiltra- 
tions of small and large fat droplets. In 3 
of 7 cases, fattv degeneration was observed 
(fig. 5). 

Calcification was not observed with other 
changes of the menisci in the dogs which 
had undergone surgery except in 1 ease 
where calcification of the capsule had 
spread to the periphery of the meniscus. 
This case does not appear in table 1. 

The histopathological investigation of 
the menisci of the dogs destroyed revealed 
changes, such as increased hyalinization, an 
increase in the amount of chromotropic 
substance, and even colliquative necrosis 
and slit formation. If there were lesions of 
the ligaments, the microscopic changes 
were also considerable. Changes were 
greater in the older dogs. 

In the experimental dogs, which were 
originally healthy, the incisions made in 
the menisci did not cause any pathological 
changes. But severing the cruciate liga- 
ment, causing functional disturbances, 


Fig. 6—The anterior cruciate ligament cut ten 
weeks earlier by changes of the medial me- 
niscus of a 3-year-old Alsatian. Thionine. x 78. 
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gave rise to degenerative changes and os- 
teoarthritis in the joint. In fifty days path- 
ological changes, such as increased hyalini- 
zation, an increase in the amount of chro- 
motropic substance, colliquative necrosis, 
and slit formation, were to be found (fig. 
6). Consequently, the histopathological pic- 
ture typical of the dogs which had under- 
gone surgery made its appearance in the 
menisci of the experimental dogs also. The 
examination indicated that big dogs de- 
veloped the pathological changes in a much 
shorter time than did the smaller ones. 


DIscUSSION 

1) The investigations of Tobler and oth- 
ers have indicated that there occurs in the 
menisci myxomatous ‘‘schleim’’ degenera- 
tion. On the basis of his experiments on 
dogs, Ssolowjew '° stated that the regener- 
ation of connective tissue is associated with 
the appearance of great amounts of mucoid 
connective tissue. Thus, his opinion is the 
direct opposite of the old conception of 
schleim’’ degeneration. Holmgren 
pointed out that the chromotropic sub- 
stance is associated with elastic structure 
and function. According to Tobler, the 
‘*schleim’’ degeneration in man, which be- 
gins early, is later usually combined with 
other degenerations. But this was not 
found to be the case in this investigation, 
and the increase of chromotropic substance 
may be regarded as being associated with 
the regeneration of the tissue in the areas 
where slit formation and other pathological 
changes occur. 

2) The investigation, by means of mul- 
tiple stainings, indicated that a relation- 
ship exists between chromotropic substance 
and hyalinization. The investigation of 
Altshuler and Angevine has indicated that 
the formation of the metachromatic ma- 
terial is closely related to processes which 
have customarily been designated as hya- 
linization. They state that the exact rela- 
tionship and differences are not known. 

3) The formation of slits of the menisci 
was observed in old dogs, especially where 
lesions of the ligaments had occurred. The 
mode of development of the tears appears 
to be such that they are formed from small, 
originally microscopic slits. This conforms 
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with the clinical finding, longitudinal tears 
being most common. 

4) The opinion of Tobler is that degen- 
eration of the human meniscus promotes 
the formation of tears. The same patholog- 
ical picture, however, is not to be found in 
the canine meniscus, partly perhaps be- 
cause of the shorter life span of dogs and 
partly because the meniscus is not called 
upon to bear as much strain as in man. 
When lesions of the ligaments occur, how- 
ever, degeneration takes place rapidly, and 
this leads to slit formation and tears of the 
menisci, 

SUMMARY 

The author gives a short survey of the 
structure of the canine meniscus. The his- 
topathology of the meniscus shows that 
pathological changes, such as increase of 
chromotropic substance and hyalinization, 
slit formation, fatty degeneration, and col- 
liquative necrosis, are to be found in old 
dogs, particularly in cases of joint injuries. 
Cutting the cruciate ligament causes the 
changes to develop within fifty days. 
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The Teeth of the Ox in Clinical Diagnosis 
Ill. Developmental Anomalies and General Pathology 


NORMAN L. GARLICK, B.S., D.V.M. 


Tacoma, Washington 


Part I of this series of papers which appeared in 
the April, 1954, issue of the American Journal of 
Veterinary Research covered briefly the essentials 
of histology and embryology of the teeth of cattle. 
The research background for the material herein 
presented was given, along with a bibliography for 
suggested further study. 

Part II of this series which appeared in the July, 
1954, issue of the same magazine covered the gross 
anatomy of the teeth and their response to environ- 
ment and attrition and included a table for approx 
imating the age of mature cattle by the appearance 
of the incisor teeth. 

Part Ill with 
mental anomalies, injuries, and general pathology 
of the teeth of the ox, and a tabulation of these 
conditions as found in animals slaughtered for 
beef. 


here presented deals develop 


DEVELOPMENTAL ANOMALIES 


Incisor Teeth Not Formed. 
ally, tooth buds fail to form or to develop. 
In the permanent incisor group, the fourth 
pair is the set most often absent. The sec- 
ond pair of incisors has been observed to be 
absent; in 1 animal, the temporary second 
incisors were retained in their place. In the 
temporary dentition the fourth pair of 
has been observed to be absent 
oceasionally. 

Check Teeth Not Formed—In a small 
percentage of animals, the permanent tooth 
bud of the first mandibular premolar on 
one or both sides fails to form. Its tempo- 
rary predecessor may or may not have been 
present. The permanent element never 
forms if the corresponding temporary tooth 
was not present. The defect is more com- 
mon in the permanent than in the decidu- 
ous dentition and is hereditary in nature. 
The fourth upper cheek tooth has been ob- 
served to be absent, the gingiva presenting 
no sear which would indicate loss of the 
tooth. It is concluded, therefore, that other 


Occasion- 


incisors 


The author acknowledges the financial aid of the Alu 
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gation. However, the statements and conclusions ex 
pressed in this article are those of the author alone. 
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permanent cheek teeth may fail to develop 
in rare instances (fig. 1). 


Fig. 1—Congenital absence of the first perma- 
nent mandibular premolar in a 3-year-old Here- 
ford steer. 


Supernumerary Teeth. 
stance was a supernumerary tooth 
served. That occurred in the permanent 
incisor group, giving a total of nine instead 
of the usual eight. Colyer! 
men with 24 incisor teeth. 

Crowded Incisor Teeth.—Underdevelop- 
ment or retarded development of the ante- 
rior portion of the mandible results in the 
crowding and partial rotation of a number 
of incisor teeth. This defect is common in 
the permanent dentition where it has a ten- 
dency to gradually correct itself as the jaw 
develops more fully and as the wider por- 
tions of the crowns wear back. Crowding of 
the incisor teeth is rare in the deciduous 
dentition. In regard to crowding of teeth, 
it would be well to recall that at the time of 
eruption of the first permanent pair of in- 
cisors, there is often insufficient room for 
them. As a result, they are commonly seen 
to overlap at the medial border, being di- 
rected upward and inward. Jaw develop- 
ment soon corrects the physiological mal- 
position in most eases. 

Crowded Cheek Teeth.—Crowding of the 
cheek teeth in the ox has been observed but 
is rare. In a great number of animals, the 
opposite effect is noted. A space between 


In only one in- 
ob- 
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the third and fourth cheek teeth is often 
seen. The space may contain a part of the 
posterior portion of the deciduous third 
premolar which becomes wedged in firmly 


TABLE 1—Source and Age of 7,480 Cattle 


No. anim. 
3,166 
Phoenix, Ariz. 155 
E. St. Louis, Il. 4,159 


Animal age groups No. anim. 


Young anim. without permanent 
incisor teeth erupted 

Young anim. in period of eruption 
of permanent incisor teeth 

Mature animals* 


* Of the mature animals, 707 were estimated to be over 
8 years of age based on the table of age approximation 
given in Part II of this series. 


during eruption of the permanent denti- 
tion. It may persist for many years. When 
crowding of the teeth does oceur, it usually 
results in partial rotation of a tooth to re- 
lieve the pressure. 

Rotation of Incisor Teeth.—Oceasionally, 
the permanent incisor teeth will be ob- 
served to be rotated 90 or 180 degrees in the 
alveolus, though no evidence of crowding 
or other cause is apparent. In all such 
cases Observed, the defect was noted in 
both individual teeth in any given pair. 

Rotation of Cheek Teeth—Rotation of 
cheek teeth has been observed only in the 
case of the first permanent mandibular pre- 
molar. The rotation is approximately 90 
degrees. No observable cause could be de- 
termined. The defect has not been observed 
in the deciduous dentition. 

Malposed Incisor Teeth.—Permanent in- 
cisor teeth may erupt out of the dental 
arch. Of course, these are nonfunctional 
and often interfere with prehension of 
food. Their deciduous predecessors are 
usually retained for a variable period of 
time. 

Malposed Cheek Teeth——Cheek teeth 
have been observed to erupt out of the den- 
tal arch and at odd angles. Most of the 
variations occur in the premolar group of 
the permanent dentition. As a result, the 
masticatory value of the tooth in the ab- 
normal position, as well as a portion of that 
ef its opponent is lost. 

Jaw Deformities—Brachygnathia, prog- 
nathia, and rotation of the anterior portion 
of the mandible have been observed. The 
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extent of the defect will determine the rela- 
tive ineffectiveness of the incisor teeth. 

Irregular and Whorled Enamel.—The 
teeth occasionally present enamel prisms 
which deviate from their normal direction. 
These may be grossly apparent by resulting 
irregularities of the surfaces of the teeth. 
The normal corrugated, vertically grooved 
pattern may be lost to one of scalloped con- 
tours resembling the surface of an orange 
(fig. 2). Examination of ground sections of 
the tooth will demonstrate the abnormal 
prism direction. This defect apparently 
does not interfere with normal use or life- 
time of teeth so affected. It has been ob- 
served in the permanent dentition only, 
and is always present in the same portion 
of both individuals in any given pair. 
Whorled and irregular enamel on the cheek 
teeth has been observed in the abattoir but 
would not be observed easily in the living 
subject. Similar defects have been de- 
scribed in the human being.’ 

Deep Vertical Folds in the Surface of 
Incisor Teeth—Sometimes the dentino- 
enamel junction becomes infolded prior to 
the formation of enamel and dentine. The 
result is a single deep vertical suleus on the 
labial surface of both individual teeth in 
any given pair (fig. 3). This does not in- 
terfere with the use or average lifetime of 
the tooth. Pigments tend to collect in the 
depths of the groove, and the enamel cuticle 
persists for a longer time in the deeper por- 
tions of the depression. 

Accessory Cusps on Incisor Teeth.—The 
labial surface of the permanent incisor 
teeth may occasionally present an accessory 
cusp, particularly on the fourth pair (fig. 
4). The cusp is present bilaterally and may 
be of considerable size. This is a develop- 
mental oddity which does not interfere with 
the usefulness of the teeth involved. Be- 
cause of its prominent position, the cusp is 
soon lost to the effect of normal attrition 
and the tooth may later appear normal. The 
tendency for the fourth incisors to develop 
an accessory cusp accounts for the fact that 
the labial surface of that pair is usually 
more irregular than that of the other three 
(fig. 5). 

Macrodontia Involving Incisor Teeth.— 
The development of abnormally large inci- 
sor teeth in the ox has been observed in the 
permanent dentition. It involves both in- 
dividuals in any given pair. The normal 
form may give way to a three-sided or four- 


|| 
Slaughtered for Beef and Used in This Study 
2,302 
3,375 
1,803 
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sided structure. In case three sides form, 
there is a more deeply coneave single lin- 
gual surface and double labial surfaces 
which merge to form a triangular-shaped 
tooth when viewed from the incisal margin 
(fig. 6). Deep vertical sulci form in the 
double labial surfaces, due to infolding. 
The enamel at the tip may not lie in perfect 
apposition but may be separated by a shal- 
low infundibulum lined with dentine. The 


roots are enlarged and present three verti- 
eal sulci which terminate at the cemento- 
enamel junction at each corner of the tri- 
angular crown. The enamel does not cover 
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the dentine at the lower part of the anterior 
angle of the tooth and, as a result, the gin- 
vival attachment remains higher at that 
point. The tendency for the gingival at- 
tachment to follow the contour of the ce- 
mento-enamel junction is remarkable. 
When macrodontia is accompanied by 
formation of an incisor tooth with four sur- 
faces instead of the normal two, two of the 
surfaces resemble the normal labial surface 
and face labially and lingually. The other 
two surfaces resemble the normal lingual 
surface, are deeply concave, and replace the 
medial and lateral margins of the crown 


Fig. 2 — Irregular 
enamel accompanied by 
areas of enamel hypo- 
plasia which do not 
clearly follow the _ in- 
cremental pattern. Sur- 
face pigments have 
lodged in the depres- 
sions. The remaining 
enamel is norma! in 
luster and hardness. 


wl 
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Fig. 3— Abnormal in- 
folding of the dentino- 
enamel junction early 
in formation of these 
teeth resulted in the 
deep vertical sulci seen 
here on the surface of 
the enamel. 


Fig. 4— Accessory 

cusps on the _ fourth 

pair of permanent in- 
cisor teeth. 


Fig. 5—JIrregular for- 

mations of fourth in- 

cisor teeth from 2 ma- 
ture animals. 


Fig. 6—Three-sided in- 
cisor teeth from 2 dif- 
ferent animals, from 
anterolateral aspect 
(left) and from postero- 
medial aspect (right). 


Fig. 7—Four-sided inci- 
sor teeth from 2 differ- 
ent animals, from a 4- 
year-old (left) and 
from 77-year-old 
(right). The left-hand 
portion of the tip of the 
larger tooth was frac- 
tured during slaughter. 
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(fig. 7). The root is enlarged and presents 
four vertical sulei which terminate at the 
cemento-enamel junction at each angle of 
the crown. The defective formation is 
bilateral. 

Macrodontia Involving Cheek Teeth. 
One ease of macrodontia has been observed 
in‘a permanent maxillary premolar. It was 
a simple enlargement, with no compound 
dental structures. It was unilateral. 

Portions of Mandibular Molars Develop- 
ing as Individual Teeth.—The anterior and 
posterior halves of the fifth mandibular 
cheek tooth have been observed to develop 
as two individual teeth with no fusion be- 
tween. The defect was bilateral. The two 
teeth were slightly smaller than a single 
normal tooth. The same phenomenon has 
been observed in the sixth mandibular 
cheek tooth, except that it developed as 
three separate units. 


TRAUMATIC INJURIES OF THE TEETH 


Fractured Incisor Teeth.—Transverse 
fractures have been observed in both per- 
manent and temporary incisor teeth. They 
do not occur very often because of the rel- 
atively loose alveolar implantation. 


Fig. 8—Two forms of hy- 
poplasia in the same tooth. 
Near the tip is a rather 
wide transverse groove 
which reaches the dentine 
in its deeper distal por- 
tions. Near the lower 
third of the enamel sur- 
face can be seen a trans- 
verse row of pits. 


Fig. 9—Hypoplasia of the 
enamel in the form of a 
single large pit on the left, 
and a horizontal row of 
large pits on the right. 
Fig. 10—Chalky incisor 
teeth showing excessive 
attrition and erosion of 
the enamel. This pair of 
teeth had been in wear 
about seven months. The 
rest of the teeth in this 
animal were of normal 
quality. 
Fig. 11—A deciduous inci- 
sor tooth removed shortly 
before time of shedding. 
well-defined enamel 
fleck can be seen in the 
center of the crown. 
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Fractured Cheek Teeth—Fractures of 
the cheek teeth in the ox are fairly common, 
occurring more often in the mandibular 
group. Most are probably due to the at- 
tempted mastication of some hard object, 
and usually split off the lateral cusps or 
margins of the mandibular teeth. Any type 
of fracture can occur, however. The frae- 
ture runs downward and outward and usu- 
ally does not involve the root. Fractured 
surfaces soon wear smooth, but a close ex- 
amination will serve to differentiate them 
from hypoplastic deformities, the 
fracture does not follow the incremental 
pattern of development, while the latter 
does. 

Depression of Incisor Teeth.—Oceasion- 
ally, an incisor tooth is driven forcefully 
downward and backward into the alveolus. 
This may result in a fracture of the alve- 
olar bone allowing the apex of the root to 
lodge in the connective tissue beneath the 
oral mucosa on the labial margin of the 
dental arch. Strangely, though the trauma 
is apparently great, the teeth retain or re- 
gain their pulpal circulation. The alveolar 
fracture is repaired and the tooth remains 
in its depressed position. 


since 


o 
Oo 
| 


Miscellaneous Traumatic Injuries.— 
Though other traumatic influences may 
cause many and varied injuries to the teeth, 
they need not be described here, as they 
are usually grossly evident and_ easily 
recognized, 


GENERAL PATHOLOGY 


Retained Temporary Teeth.—In addition 
to the causes of retention of deciduous ele- 
ments already brought out, others should 
be mentioned. Practically all serious sys- 
temic illnesses tend to retard dental devel- 
opment and foster retention of the decidu- 
ous dentition. Permanent teeth are delayed 
for variable periods of time. Generalized 
malnutrition, as well as deficiencies of indi- 
vidual nutritive factors, may have the same 
results although, in the latter case, the teeth 
may erupt on schedule but be of inferior 
structure. A great deal of research has 
been done on animals to determine the ef- 
feets of these factors. The bibliography ac- 
companying this article (given with Part 
1) will give the source and results of most 
of this work, which is too voluminous to re- 
port here. It does help to give further in- 
sight into the probable causes of the de- 
fects which are being described here. 

Hypoplasia.—Hypoplasia as applied to 
dental elements refers to underdevelopment 
of tooth structure. It can be recognized 
grossly in the living subject by variations 
in the enamel which follow the incremental 
pattern of enamel apposition. While it 
usually takes the form of a _ horizontal 
#roove across the surface of the tooth, it 
may also appear as individual pits. The 
pits may or may not be arranged in hori- 
zontal pattern but never take a vertical 
pattern. In uncomplicated hypoplasia the 
enamel which does form is of good quality. 

Hypoplasia of Temporary Teeth.—Un- 
derdevelopment of the enamel of the tem- 
porary teeth is seldom observed, with one 
exception. A hypoplastic pit occurs on the 
lower portion near the medial border of the 
labial surface of the third pair of incisors 
in well over 50 per cent of all calves. It is 
of no detriment to the individual, being 
only a developmental oddity. It is always 
bilateral and does not extend through the 
entire thickness of the enamel. 

Hypoplasia of Permanent Teeth.—Hypo- 
plasia in permanent teeth is very common 
and of universal geographic distribution. 
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It is due to a great many different systemic 
disturbances, yet gives a constantly similar 
pattern. If at any time during the apposi- 
tional phase of enamel formation a systemic 
disturbance occurs which is of a sufficiently 
serious nature that it will interfere with 
enamel prism formation, the active amelo- 
blasts discontinue their normal function 
and become modified. They can not resume 
Anomalies, 


TABLE 2—Dental Developmental 


Injuries, and Pathological Conditions Encount- 
ered in 7,480 Cattle Slaughtered for Beef 


Abnormal condition No. anim.* 


Enamel flecks in permanent incisor teeth 1,026 
Enamel flecks in temporary incisor teeth Not recorded 
Simple hypoplasia in permanent incisor teeth 221 
Simple hypoplasia in temporary incisor teeth Not recorded 
Dental caries in permanent teeth 343 
Dental caries in temporary teeth Not recorded 
Dental fluorosis in permanent teeth 80 
First permanent mandibular premolar 
not formed 
First temporary mandibular premolar 
not formed 
Permanent cheek teeth, other than the first 
mandibular premolar, not formed, or 
missing without evidence of prior existence 
Poor quality permanent cheek teeth 
Poor quality temporary cheek teeth 
Rotated permanent incisor teeth, 
degree of rotation 90 or more 
Rotated permanent cheek teeth 
Accessory cusps on permanent incisor teeth 
Abnormal crowding of permanent incisor teeth 
Macrodontia of permanent incisor teeth, 
including those with compound structure 
Permanent incisor teeth not formed 
Temporary incisor teeth not formed 
Crowded permanent cheek teeth 
Jaw deformities 
Supernumerary permanent incisor teeth 
Irregular and whorled enamel on permanent 
incisor teeth 
Retained temporary incisor teeth 
Malposed permanent incisor teeth 
Malposed permanent molar teeth 
Malformations of permanent cheek teeth 
Deep vertical sulcus on labial surface of 
permanent incisor teeth 
Portion of temporary premolar retained 
in alveolus 
Hypertrophy of enamel on permanent 
incisor teeth 
Fifth mandibular cheek teeth formed 
in two portions 1 
Sixth mandibular cheek teeth formed 
in three portions 1 
Fractured permanent teeth 10 
Fractured temporary teeth Not recorded 
Traumatic depression of permanent 
incisor teeth 
Chalky permanent incisor teeth 
Chalky tip of permanent incisor tooth 
Deeply stained enamel in a fractured 
permanent incisor tooth 
Abscessed permanent teeth 
Portion of permanent cheek tooth of 
poor quality 
* From the standpoint of pathology, the animals repre- 
sented in this table can not be considered a cross section 
of average bovine animals in the United States. In the 
average mature animal, the incidence of abnormalities is 
much higher than is apparent here 
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their work when the disturbance is over. 
Those which have not yet started active 
deposition of enamel prisms are not affected 
and can begm to funetion at their pre- 


_ 
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Fig. 12—Enamel fiecks on incisor teeth from 
3 different animals. In addition, the tooth on 
the right presents an area of hypoplasia in the 


pit below the deeply pigmented enamel fleck. 
The pit is outlined by surface discoloration. 


scribed time as if nothing had happened. 
It seems, also, that the ameloblast has been 
given just so long to get its work done and, 
if not finished, forms the cuticle anyway, 
leaving a horizontal groove that corre- 
sponds exactly with the duration of the dis- 
turbance. The groove blends with the nor- 
mal enamel surface at the point nearest the 
growth center and is deep distally (fig. 8). 
The vertical width of the groove depends 
entirely on the severity and duration of the 
disturbance. When apposition of enamel 
begins again, the first prisms to form are 
directed in a more vertical direction and 
overlie the area of malformation, partially 
covering it. 

If the disturbance is of a minor nature, 
only a portion of the ameloblasts in any 
given area may be inhibited, resulting in 
the pitted appearance already mentioned 
(fig. 9). The pits themselves are arranged 
in a horizontal pattern if any pattern exists 
at all. Because of the horizontal apposi- 
tional formation of enamel, the pattern ean 
never be vertical. 

Hypoplastie defects are easily seen on in- 
cisor teeth but, because of dental caleulus 
deposits, are seldom seen on cheek teeth un- 
less they oceur on the exposed portions. 
Knowing the time of development of each 
tooth, one can closely approximate the age 
at which the disturbance occurred even 
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though many years may have passed. The 
defect, once formed, can never be repaired. 
The approximate active appositional stage 
of enamel formation in any given incisor 
tooth has been observed to begin about one 
year prior to eruption and to end when 
eruption takes place. 


DISTURBANCES IN CALCIFICATION 

Faulty calcification of the teeth may be 
of either or both of two types. The first, 
hypocalcification, is characterized by the 
presence of inorganic salts probably nor- 
mal in chemical composition but deficient 
in quantity. The deficit may be in all por- 
tions of the tooth or involve only one tissue, 
such as the interprismatic substance of the 
enamel. The second, inferior inorganic salt 
formation, may present a nearly normal 
amount of caleium compounds but of infe- 
rior structural hardness. The inorganie 
salts of the teeth are not of constant chem- 
ical composition but vary as a result of var- 
ious influences. Observed conditions in 
which disturbed calcification plays a part 
are many. Research has indicated that im- 
balances of inorganic elements and/or vi- 
tamin D result in disturbances of dental 
calcification, but the degree of the involve- 
ment can not be prognosticated with ae- 
euracy. Endocrine disturbances, particu- 
larly of the parathyroid glands, have been 
incriminated. Diseases, particularly those 
of the skeleton, have received considerable 
attention but, again, the dental defects can 
not be prognosticated with any degree of 
accuracy. Recent severe dietary deficiency 


Fig. 13—The large notch in the left-hand por- 
tion of the enamel margin of this tooth was 
caused by the wearing away of an enamel 
fleck. The last remnants of the defect were 
found at the deepest margin of the notch. 
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studies in sheep have produced constant 
pathological patterns.° 


OBSERVED ABNORMALITIES WHICH REFLECT 
DISTURBED MATURATION OF ENAMEL 


Poor Quality Teeth.—Teeth of inferior 
quality are sometimes seen, both in perma- 
nent and more rarely in temporary denti- 
tion, involving all of the teeth to an equal 
degree. They may appear to be normal 
though perhaps of slightly less translu- 
cency but tend to wear back at a faster 
than usual rate. 

Brown Teeth.—Teeth of inferior quality 
may present a brown pigmentation which 
may penetrate the entire structure. Tem- 
porary teeth, particularly, present the lat- 
ter condition. Brown teeth are of universal 
geographic distribution. The pigment some- 
times varies slightly in intensity in various 
parts of the tooth, giving a somewhat mot- 
tled appearance. The condition must not 
be confused with dental fluorosis, since the 
latter has not been observed by the author 
to affect the deciduous teeth of the ox. The 
occurrence of brown teeth in the temporary 
dentition is of no greater incidence in en- 
demic fluorosis areas than elsewhere. In- 
heritance may play a part in the occurrence 
of brown teeth.® 

Incomplete Enamel Maturation.—Cheek 
teeth are sometimes seen which are yellow- 
brown in color, the enamel being soft, 
opaque, and lusterless. The condition is 
usually bilateral in any given pair of teeth. 
Sometimes only half of the todth will be 


PATENTEO. 


Fig. 14—Caries of the dentine of the root of a 

deciduous incisor tooth. Two lesions can be 

seen. The tooth has lost its crown to processes 

of attrition and abrasion, but root resorption 
has not yet begun. 
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involved, either the posterior or anterior 
portion in the case of the cheek teeth. The 
shape of the tooth is normal and complete. 
Organic composition is apparently normal. 


Fig. 15—An unusual case of caries of primary 
dentine. The root deformity resulted in an ab- 
normal contact of the crown of this incisor 
tooth with its neighbor. Where contact existed, 
the enamel wore away exposing primary den- 
tine. The carious process developed, protected 
by the proximity of the neighboring tooth. The 
spot at the center of the tooth is a well-defined 
enamel fleck. 


The condition is universal in geographic 
distribution and more often involves per- 
manent than temporary teeth. The cause is 
probably a defective tooth germ which does 
not have the ability to foster complete ma- 
turation. The dentine is of inferior quality, 
also, as is evident by the fact that the entire 
structure is susceptible to the action of 
putrefactive bacteria which often cause de- 
composition and elimination of the teeth so 
affected. There is a severe abscess forma- 
tion in the structures surrounding a decom- 
posing tooth. The odor is distinctive and 
prominent. 


Chalky Teeth. 


Teeth presenting an 
opaque, lusterless, chalky appearance are 
commonly seen. They may be described in 
two groups, separated as to probable cause. 
The first, chalky teeth due to systemic dis- 
turbances other than dietary, may involve 
the entire enamel of the tooth or only a por- 


tion of the visible crown. The defect is in 
the enamel only and is bilateral. The cause 
is a systemic disturbance which interferes 
with enamel maturation. It follows the pat- 
tern of secondary calcification, the entire 
depth of the enamel being involved. The 
interprismatic substance primarily 
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faulty. The tips of the enamel prisms break 
off and crumble away at an increased rate. 
The condition is universal in geographic 
distribution. Temporary teeth have not 
been observed to be affected. 

The second, chalky teeth due to dietary 
deficiencies and imbalances, may result in 
the enamel of the entire permanent denti- 
tion being soft, opaque, and chalky. This 
condition is sometimes limited geographi- 
cally. It can be favorably influenced by 
control of known dietary discrepancies. 
Not all animals are equally susceptible, all 
degrees of the condition being manifest in 
various individuals subject to the same en- 
vironment. The teeth have a tendency to 
absorb pigments on the surface producing 
a dull yellow color (fig. 10). 


Opaque ENAMEL Spots—‘ ENAMEL 
FLECKs’”’ 

The occurrence of opaque spots in the 
enamel of both the permanent and tempo- 
rary teeth is so universally common that a 
separate section of this paper is needed to 
indicate its relative importance. Approxi- 
mately 65 per cent of all mature ‘‘full- 
mouthed’’ cattle will show the defect on at 
least one pair of incisor teeth. The set most 
often involved is the third. The defect is 
usually bilateral and may be multiple on 
any given tooth. It is universal in geo- 
graphic distribution. It is hereditary in 
nature, having a tendency to run _ in 
families. 

Enamel flecks are seen on the labial sur- 
face of the incisor teeth. The spots follow 
no constant pattern but are usually present 
in the same location in the two individuals 
of any affected pair though they often 
appear unilaterally. The color varies from 
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an opaque white through all shades of yel- 
low and brown to a deep black. The pig- 
mentation becomes more prominent as age 
advances. The margins of the defective 
areas are clear, distinct, and abrupt, there 
being no blending with the surrounding 
normal enamel. However, the pigmenta- 
tion, when present, is of a darker color in 
the center of the area than at the periphery 
(fig. 11 and 12). 

The probable fundamental pathology is 
an absence of, or hypocalcification of, the 
interprismatic substance of the enamel.* 
The prisms are normal but have inadequate 
support. That the areas are extremely soft 
in comparison to normal enamel is evident 
when they come into wear. In the normal 
process of attrition, the teeth may be worn 
until an enamel fleck is incorporated into 
the incisal margin. Immediately a notch 
develops in the edge of the enamel and the 
defective area is soon completely worn 
away (fig. 13). Increased erosion of the de- 
fective area is evident, after the 
enamel cuticle has worn away, the surface 
receding faster than that of the surround- 
ing normal enamel. After the enamel cuti- 
cle is gone, the area seems to be rough when 
seraped, due to protrusion of the exposed 
tips of the enamel prisms. Enamel flecks 
are subject to caries. 


also, 


DENTAL CARIES 


Dental caries of the teeth of the ox is 


common. The condition increases in inei- 
dence as age advances. It is universal in 
geographic occurrence and is found in 
both temporary and permanent dentitions, 
It has been observed to oceur in both den- 


tine and enamel. 


Fig. 16—Caries of secondary dentine. 
Fig. 17—Caries in enamel fiecks in incisor teeth. The second tooth from the left presents 
an area of hypoplasia of the enamel at the base of the crown. 
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Caries of the Dentine.—Caries have oc- 
casionally been observed to attack primary 
dentine (fig. 14 and 15). Secondary den- 
tine is very commonly affected, the process 
beginning at any time after the secondary 


¢ 


Fig. 18—Three forms of pathological condi- 
tions, all involving the same portion of a set of 
incisor teeth from a 2-year-old animal. A wide 
area of hypoplasia involves most of the upper 
half of the crown. Hypocalcification of the in- 
terprismatic substance in the same portion of 
the tooth is outlined by opaque enamel. Four 
carious lesions involve the hypocalcified areas. 


dentine is exposed in the normal process of 
attrition (fig. 16). At first the affected tis- 
sue may appear orange but is usually black. 
As the process continues, the decaying tis- 
sue is lost and the tooth is gradually hol- 
lowed out along the pattern of the original 
pulp cavity. Caries may reach the apex of 
the root and periodontal abscesses have 
been observed as a result. The deposition 
of secondary dentine is accelerated by an 
attack of caries. The faster it is deposited, 
the more inferior the structure and the 
more susceptible it is to the progression of 
the process. 

Caries of Enamel.—Caries has not been 
observed to attack normally formed enamel. 
It seems to occur only in the defective areas 
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which have been previously described un- 
der the heading ‘‘enamel flecks’’ (fig. 17 
and 18). It does not spread to underlying 
dentine nor to surrounding normal enamel. 
When the enamel fleck has entirely rotted 
away and the decayed tissue lost, the area 
appears to be a clean enamel pit which ex- 
tends through the entire thickness of the 
enamel, not following the incremental pat- 
tern. Caries of the enamel is self-limiting 
in the ox. The depths of the pit may retain 
a black pigmentation for an indeterminate 
time. It is probable (and it has been ob- 
served occasionally) that many enamel pits 
seen in older animals were at one time 
enamel flecks, the defective tissue being lost 
to caries and erosion, leaving an apparent 
hypoplastic defect which does not fol- 
low the appositional pattern of enamel 
development. 

Teeth affected by fluorides have been ob- 
served to demonstrate decreased incidence 
of caries. 

SUMMARY 


Specific dental developmental anomalies, 
common injuries of the teeth, and a number 
of dental diseases of the ox encountered in 
clinical investigations as well as research 
have been discussed. Special emphasis has 
been placed upon dental caries, enamel 
flecks, disturbed calcification, and hypo- 
plasia. A tabulation of dental anomalies, 
injuries, and pathological conditions as 
found in animals slaughtered in abattoirs 
in various sections of the United States has 
been presented. Limited reference has been 
made to dental fluorosis which will be dis- 
cussed in detail in Part IV of this series of 
papers to follow. 
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The pH Values, Carbon Dioxide Content, and the Levels of 
Sodium, Potassium, Calcium, Chloride, and Inorganic 
Phosphorus in the Blood Serum of Normal Cattle 


B. J. McSHERRY, D.V.M., and |. GRINYER 


Guelph, Ontario, Canada 


THERE HAS been in the past twenty years 
an increasing interest in the chemical anat- 
omy of man and animals, and changes from 
normal are reported in many pathological 
conditions. A knowledge of the physiology 
and chemical pathology of body fluids is 
essential in order that these changes can be 
recorded and evaluated. 

Excellent references to recent advances 
made in this field in human medicine are 
contained in books by Gamble,?® Bland,* 
Cantarow and Trumper,‘ Moyer.® and 
Harrison.'! Readers are referred to these 
textbooks for the basie outlines of physiol- 
ogy and chemical anatomy on this subject. 
A review of the veterinary literature re- 
vealed numerous references to some of the 
normal values in 28 

The present paper presents data from a 
study of some of the constituents and prop- 
erties of normal cattle serums that are 
likely to show changes in _ electrolytic 
upsets. 


MATERIALS AND METHODS 


The investigation was conducted on a herd of 
Holstein-Friesian cattle. Observations were made 
over a period of one year on cattle at pasture as 
well as during the feeding period in the stable. 
The health of these animals was considered to be 
above average; 126 animals were used in the 
study, 86 of which were 2 years of age and over, 
20 were calves from 4 to 10 months of age, and 20 
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were calves from 4 days to 10 weeks of age. The 
mature animals were at various stages of preg 
nancy and lactation. 

The serum was collected by using a 5-in. length 
of soft gum rubber tubing similar to that used 
with red and white cell pipettes. The rubber tub 
ing was fitted with needle adapters at both ends. 
A 16-gauge, 2%-in. needle was attached to one 
adapter and a 16-gauge, 4%-in. needle to the 
other. Test tubes, 10.0 by 1.5 em., were filled to a 
depth of 2.0 em. with mineral oil. All the equip- 
ment was thoroughly cleaned and rinsed with dis- 
tilled water. The 214-in. needle was inserted into 
the jugular vein and blood was allowed to flow 
from the other needle for about thirty seconds to 
evacuate all the air from the tubing. The rubber 
tube was then pinched off and the 4%-in. needle 
was inserted into the test tube below the surface 
of the mineral oil. The blood flow was then al 
lowed to continue, being controlled so that the 
2.0-em. layer of mineral oil covered the blood at 
all times. Four, 9.0-ec. samples were collected in 
this manner from each of the animals. 

The samples were allowed to clot at room tem 
perature for a period of approximately two hours 
and then were centrifuged in the original tubes. 
The earbon dioxide content and pH values were 
determined immediately after centrifugation and, 
at this time, the remainder of the serum was pi 
petted and transferred under oil to fresh test 
tubes. These were sealed with rubber stoppers and 
stored in a refrigerator for three to four days at 
which time sodium, potassium, calcium, chloride, 
and phosphorus determinations were made. 

The amount of carbon dioxide was determined 
by the method of Peters and Van Slyke.” The pH 
values were obtained colorimetrically, following 
the method of Hastings and Sendroy,” and using 
bicolor standards prepared in this laboratory. Se 


TABLE 1—Mean and Standard Deviation of Some Inorganic Constituents and pH Values 


in the Serums of Normal Dairy Cattle 


Milliequivalents of constituents 
per liter of serum 


Group 


No. of 
Age animals 
2to 13 
years 
4to 10 
months 


4 days to 
10 weeks 


Mg. per 
100 ec 


pHi 
Na K+ Cat? HCO, HPO, 
"- 142.0 4.85 5.42 29.47 103.7 4.5 7.42 
+50 +0.47 +0.34 +1.96 +3.5 +0.94 +0.057 
143.1 5.12 5.58 29.34 102.43 7.8 74 
+6.6 +0.45 +0.4 +1.92 +3.16 +1.09 +0.14 
. | | 20 142.05 5.25 5.08 31.08 193.0 7.6 7.44 
+40 +0.22 +1.9 +2.49 +0.14 
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rum chlorides were determined on 0.2 ec. of serum 
by the method of Schales and Schales.” Fiske and 
Subbarrow’s method” was used for phosphorus 
levels. Sodium, potassium, and calcium were de 
termined by flame photometry, using a synthetic 
containing 144.0 mEq. sodium, 4.8 mEq. 
potassium, aud 5.0 mEq. of calcium per liter as an 
external standard. The Beckman Model DU Spece- 
trotlame photometer was used. 


serum 


RESULTS 

Table 1 is self-explanatory and con- 
denses the information realized during this 
study. 

The inorganic serum constituents are 
within the ranges expressed by previous 
workers.” The pH ranges agree 
with those given by Dukes,’ but are higher 
than the results obtained by Craige, John- 
son, Blackburn, and Coffin.® A comparison 
of the HPO, levels showed that there was 
a highly significant difference between the 
animals 4 days to 10 months of age and 
those 2 to 13 vears of age (t = 4.6; df= 
104; P< 0.01). These correspond to the 
values reported by Vanlandingham, Hen- 
derson, and Bowling.*! 


CONCLUSIONS 


The pH values, carbon dioxide content, 
and the level of sodium, potassium, eal- 
cium, chloride, and inorganic phosphorus 


of serum from normal cattle were deter- 
mined in 126 dairy cattle. The results are 
recorded and statistically analyzed in table 
1 and show that, between the age groups 
tested, the only significant difference was 
in the HPO, levels. 
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An Evaluation of the Complement-Fixation Test for 
Anaplasmosis 


K. E. PRICE, Ph.D.; W. E. BROCK, D.V.M.; J. G. MILLER, D.V.M., V.S., M.S. 


College Park, Maryland; Pawhuska, Oklahoma; Baton Rouge, Louisiana 


ANIMALS (Bovidae) that recover from an 
attack of anaplasmosis generally become 
life-long carriers of the disease and only 
rarely can this carrier condition be re- 
vealed by examination of blood smears. 
This difficulty in diagnosing carrier ani- 
mals has forced investigators to turn to 
serological diagnosis. 


LITERATURE CITED 

Rees and Mohler’ demonstrated the presence of 
complement-fixing antibodies using as an antigen 
a saline extraction of ticks which had engorged 
themselves on the blood of infected animals. As 
only small quantities of antigen could be produced 
by this method, it was discarded. 

Boynton and Woods* showed that serums of 
newly recovered carriers would frequently give a 
cloudy precipitate in distilled water, whereas se- 
rums of anaplasmosis-free animals failed to cause 
any precipitation. These investigators indicated 
that tliis test was based upon the precipitation of 
euglobulin. Since the test is not specific for ana 
plasmosis and carriers of long standing give little 
reaction, this method has not received wide use. 

In more recent studies Mohler, Eichhorn, and 
Rogers* reported a satisfactory complement-fixa 
tion test for bovine anaplasmosis. The preparation 
of antigen for this test was described by Mott and 
In many cases, antigens prepared by this 
method were unsatisfactory due to anticomple 
mentary activity or to a lack of antigenicity. 

In 1952, Price, Poelma, and Faber® described 
an improved antigen preparation procedure. The 
antigen quality were brought 
about by removal of a great deal of extraneous 
material which resulted in a purer, more concen 
trated antigen. Practical application of the com 
plement-fixation test employing antigen prepared 
by this method was found highly satisfactory. Its 
use in removing all carrier animals from three 
Maryland herds was described by Price, Poelma, 
Hastings, and Mitchell® in 1953. 


Gates.* 


improvements in 
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The purpose of the present investigation 
was twofold. The first objective was to 
contribute additional data in regard to the 
efficacy of the complement-fixation test. 
This was accomplished through testing a 
large number of samples from animals 
with known histories. 

The second objective was to obtain in- 
formation which would solve some of the 
problems that arose in the course of com- 
plement-fixation work carried out by the 
authors at their various institutions. 
Among the most important of these prob- 
lems were (1) the need for standards on 
which to base the interpretation of results ; 
(2) the need for knowledge as to the rela- 
tive accuracy of the spectrophotometric 
and visual method of reading the results of 
complement-fixation test; (3) information 
as to the uniformity of antigens prepared 
at the different institutions. 


MATERIALS AND METHODS 


A total of 278 individual blood serum samples 
were tested by each of the three investigators dur- 
ing the course of this experiment. The samples 
were obtained from animals whose history, as far 
as anaplasmosis was concerned, was well known. 
The negative or positive status of the animals was 
proved by injection of blood into a suseeptible in- 
dividual or by direct blood smears during acute 
infection. These serums were preserved by freez 
ing. Satisfactory preservation was obtained in all 
eases with no observable loss in antibody titer. 

The antigens utilized in this study were pre 
pared at the various institutions according to the 
method outlined by Price et al.® in 1952. Miller 
employed several modifications which served to re 
duce the time required for preparation as well as 
to increase the yield of antigen. These modifica 
tions included the use of the Sharples centrifuge 
to concentrate the red blood cell matrices after 
the cells had been lysed in the initial stages of 
antigen preparation. Also, Miller used large vol 
umes of blood for inoculation to increase the para- 
site yield of the blood to be used as a source of 
antigen. 

The complement-fixation procedure was the fol 
lowing. Reagents of the hemolytic system were 
standardized spectrophotometrically. Standardiza- 
tion of the guinea pig complement was carried out 
by a 50 per cent end-point titration method based 
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on that developed by Kent et al.’ and the optimal 
amboceptor concentration determined by a tech 
nique first employed by Kent.” Sheep red blood 
cells standardized spectrophotometrically at 2 per 
cent red blood cells in veronal-bicarbonate buf 
fered salt solution. 

All serums were inactivated at 56C. for thirty 
minutes and diluted 1:10 with this solution which 
was used as the diluent throughout the test. The 
ingredients and proportions are: 

sodium chloride 16.76 Gm. 
sodium bicarbonate 0.50 Gm. 
sodium 5,5 diethyl barbiturate 0.6 Gm. 
5,5 diethy] barbiturie acid 0.92 Gm. 


Dissolve the acid in 500 ce. of hot distilled wa 
ter; add to the solution of other salts and q.s. to 
2,000 ee. with distilled water. The final pH of 
this solution will be 7.3 to 7.4. 

Antigen titrations were carried out by prepar 
ing serial twofold dilutions of antigen 1:3 
through 1:24 with the additional] dilutions of 1:9 
and 1:36. Three-tenths ecubie centimeter of each 
of these dilutions was then added to three rows of 
tubes; the first row containing 0.3 cc. of a 1:10 
dilution of a positive serum, the second 0.3 ec. of 
a 1:10 dilution of a negative serum, and the third 
0.3 ec. of veronal-bicarbonate buffered salt solu 
tion. The dilution of antigen selected was one 
near the midpoint of the range between the high 
est dilution giving complete fixation in the positive 
serum and the highest dilution giving a reaction 
in the negative serum. A modification of this 
method was employed by Brock, who utilized both 
a strong and a weak positive serum in his titra 
tion procedure. 

The antigen used at the Maryland laboratory 
was prepared in 1952. This antigen was reconsti 
tuted from the lyophilized state by adding 20 ee. 
of veronal-biearbonate buffered salt solution to 
each 100 mg. of antigen. Each cubie centimeter of 
antigen suspension thus contained 5 mg. of anti- 
gen. When this antigen was titrated, the highest 
dilution of the positive serum giving a 4+ reac 
tion was 1:24, while the 1:3 dilution was the 


only one of the negative serum series showing a 


reaction. A dilution of 1:12 was then adopted for 
routine testing of samples, making the final eon 
centration of antigen 0.416 mg./ce. of suspension. 

The antigen used at Oklahoma was prepared by 
the Oklahoma laboratory in April, 1953. This an 
tigen was reconstituted from the lyophilized state 
by adding 30 ec. of veronal-biecarbonate buffered 
salt solution to each 100 mg. of antigen. Each 
eubie centimeter of antigen suspension thus econ 
tained 3.33 mg. of antigen. This antigen was ti 
trated using a strong positive serum, a weak posi 
tive serum, and a negative serum. The highest 
dilution giving a 4+ reaction was 1:24 with the 
strong positive serum and 1:9 with the weak 
positive serum, while there was no reaction in any 
of the dilutions with the negative serum. A 1:6 


dilution of the stock antigen was selected for 


Brock 
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Therefore, the final 
0.555 mg./ee. of 


routine testing of samples. 
concentration of antigen 
suspension. 

The antigen prepared at Louisiana in 1952 was 
titrated in the same manner as the Maryland anti 
gen. The primary antigen suspension contained 5 
mg./ee. Since a titer of 1:24 was obtained with 
strong positive serums and no titer with negative 
serums, a dilution of 1:12 was selected as optimal. 
The final concentration employed in the test was 
0.416 mg./ece. 

The actual testing was conducted by setting up 


was 


two tubes for each sample, as well as for the posi 
tive and negative Three-tenths 
eubie centimeter of buffered 
salt solution was pipetted into one of each pair of 
tubes, then 0.3 ce. of a 1:10 dilution of 
was added to both tubes. To the tube containing 
no diluent, 0.3 ce. of the antigen suspension was 
added. Three-tenths cubic centimeter of the opti 
mal dilution of (determined pre 
viously that day) was pipetted into all tubes. An 
antigen control tube containing 0.3 ec. of veronal 
bicarbonate buffered salt antigen, and 
complement was also run with the test. The tubes 
were shaken and incubated for one hour at 37 C. 
in the water bath. 

An equal volume of the proper amboceptor dilu 
tion was mixed with the 2 per cent cell suspension. 
Six-tenths cubie centimeter of this mixture was 
added to all tubes. The tubes were again shaken 
and reineubated for thirty minutes at 37 C. 

Visual determination of results was earried out 
by estimating the degree of fixation. A tube con 
taining a fairly heavy suspension of cells, which 
permitted little or 
corded as a 4+ 


control serums. 


veronal-biecarbonate 


serum 


complement 


solution, 


no passage of light, was re 
reaction, while a tube giving a 
slightly turbid appearance with a very small but 
ton of cells on the bottom was recorded as a 1+. 
Reaction intermediate to these extremes were re 
corded as either 2 + or 3+. 

In order to make spectrophotometrie determina 
tions, it was necessary to add sufficient diluent to 
the tubes to volume to the 
where it could 


increase the point 
read in the in 
the case of the 
12x75 mm. cuvettes of the Coleman Jr. speetro 
photometer). After the added, the 
tubes were centrifuged for five minutes at 2,000 
r.p.m. and read using the optical density of a eom- 
pletely hemolyzed 
hemolysis control. 


be satisfactorily 
strument being used (0.5 ec. in 


diluent was 


sample as the 100 per cent 
As there was variation in read 
ings of samples that appeared to be completely 
hemolyzed, it was decided that all samples showing 
91 to 100 per 
showing no reaction. 

The 77 samples from Maryland herds were sent 
to Miller at Louisiana and Brock at Oklahoma; 
the 92 samples from Louisiana herds were sent io 
Price at Maryland and Brock; and the 109 Okla 
homa samples were tested by the 


cent hemolysis be considered as 


Maryland and 


Louisiana investigators. Histories were not sup 


ll 
\ \ 
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plied to the until all 
completed. 

Sinee, up to this time, no clear cut data were 
available concerning interpretation of test read 
ings, each investigator used his own standards for 
the interpretation of results. He also had the op 
tion of deciding which set of results (visual or 
spectrophotometric) should be emphasized in ar 
riving at an interpretation. 


investigators testing was 


RESULTS 

Table 1, summarizing the results of both 
the visual and spectrophotometric read- 
ings, presents the results of 834 visual and 
834 spectrophotometric readings since the 
278 serum samples were tested by each of 
the three investigators. The results ob- 
tained by testing serums from animals 
with positive histories are separated from 
those obtained with serums from negative 
animals. The figures in the table indicate 
the number of samples which gave a par- 
ticular visual or spectrophotometric read- 
ing. For example, in the visual reading of 
the positive samples, 192 of the 225 posi- 
tive samples that were given a correct in- 
terpretation produced 4+ reactions, while 
23 gave a 3+ reaction. Three positive 
samples giving 4+ reactions were wrongly 
interpreted as negative, as were 2 samples 
that gave 3+- reactions. The final interpre- 
tation of results was based on readings by 
both visual and spectrophotometric meth- 
ods. In some cases, greater emphasis was 
placed on spectrophotometric readings, 
hence these 3+ and 4+ visual readings 
that were given a negative interpretation. 
Only 4 of the 21 positive samples which 
were given wrong interpretation produced 
less than a 1+ reaction. 

Of the 577 negative samples that were 
given the correct interpretation, 527 gave 
no reaction and 32 gave a 1+ reaction. A 
total of 18 samples gave readings ranging 
from 2+ to 4+. Ten of the eleven nega- 
tive samples that were incorrectly inter- 
preted gave readings greater than 1+. 

As the spectrophotometric results indi- 
eate, 220 of the 225 correctly interpreted 
positive samples produced 0 to 70 per cent 
hemolysis, while all 21 of the incorrectly 
interpreted samples showed greater than 
70 per cent hemolysis. 

Five of the negative samples (1 cor- 
rectly interpreted, 4 incorrectly inter- 
preted) produced less than 70 per cent 
hemolysis. 


COMPLEMENT-FIXATION TEST FOR ANAPLASMOSIS 


Twenty-one (8.5%) of the 246 positive 
samples were incorrectly designated as 
negatives, while 11 (1.8%) of the 588 neg- 
ative samples were called positive. The 


TABLE 1—Compilation of Visual and Spectro- 
photometric Readings 
_Negative samples 


Correct 
inter- 
pretation 


Positive samples 

Correct Wrong 
inter- inter- 

pretation pretation 


Wrong 
inter- 
pretation 


VISUAL READINGS 


14 
2 
3-4 
44 
Total 


+ 


SPECTRO. READINGS (%) 
100-91 0 ll 543 


26 


Total 


total error was 3.8 per cent since 32 of 834 
samples were given interpretations that 
did not coincide with the histories of the 
animals from which the samples were 
obtained. 

Brock, placing greater emphasis on 
visual readings and using an antigen con- 
centration of 0.555 mg./ce., gave the 
proper interpretation to all positive sam- 
ples. He recorded a total of 7 false 
positives. 

An antigen concentration of 0.416 mg. 
cc. was employed by Price. He also placed 
more emphasis on visual readings in arriv- 
ing at an interpretation. Four false posi- 
tives and 5 false negatives were obtained. 

The antigen suspension used by Miller 
contained 0.416 mg./ee. He emphasized 
spectrophotometric readings. His results 
showed 16 false negatives. 

DiscuSSION 

The results in table 1 indicate that de- 
spite the lack of uniformity employed in 
the interpretation of test readings, an ac- 
curate differentiation could be made be- 
tween carrier and nonearrier anim®\s. Al- 
though the total percentage of error (3.88) 
was well within the range found in other 
widely accepted serological tests, the 


0 4 527 0 
0 7 32 l 
10 5 11 7 
23 2 4 2 
192 3 3 1 
225 21 577 11 
90-81 l 5 0 
80-71 4 5 7 7 
70-61 0 1 
60-51 9 0 0 3 
50-41 16 0 0 
40-31 13 0 0 0 
30-21 29 0 0 1 
20-11 58 0 0 0 
10-0 107 0 0 “ 
m7 225 21 577 11 
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greater part of this error occurred with 
positive serums. The total percentage of 
error in the testing of positive samples 
(8.5) ean not be regarded as the actual 


Per cent error 


i. 


Brock 


1,2,3,4+ 2,3,4+ 
Fig. 1—Comparison of standards for interpre- 
tation of visual readings. 


error involved in the test because of the 
discrepancies produced by the different 
methods of interpretation. 

The data shown in figures 1 and 2 were 
caleulated in an effort to establish a defi- 
nite line of demareation for interpretation 
of visual and spectrophotometric readings. 
Each investigator was permitted to make 
his interpretations according to his own 
particular standards since no other data 
were available as to which readings should 
be given a positive and which a negative 
interpretation. Figure 1 contains the data 
calculated from visual readings, while fig- 
ure 2 gives the data based on readings ob- 
tained by spectrophotometric methods. The 
figures show the percentage of error that 
would have been obtained if the line of de- 
mareation for interpretation of results had 
been drawn at a particular degree of fixa- 
tion. For example in figure 1, if all ani- 
mals whose serums gave 1+, 2+, 3+, and 
4+ reactions had been called reactors, then 
4 (1.6%) of the 246 positive samples would 
have been given the wrong interpretation, 
while 61 (10.3%) of the 588 negative sam- 
ples would have been called positive. The 
total error would then have been 7.7 per 
cent. 

That same pattern can be observed in 
figure 2. If a standard is selected that de- 
creases the percentage of error of the posi- 
tive samples, an increase will be created in 
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the 


one 


the percentage of error of negative 
samples. There was only standard 
(0.90% hemolysis given a positive interpre- 
tation) that would have reduced the per- 
centage of error with positive samples to 
less than 5.0. This same standard would 
have given 7.5 per cent error with the neg- 
ative samples and an overall percentage of 
error of 6.6. 

Spectrophotometric readings for the 
most part gave just as accurate an index 
of the carrier status of the animals as did 
the visual results. However, there were 
some instances where visual readings of 
1+, 2+, 3+, and even 4+ gave greater 
than 90 per cent hemolysis when read 
spectrophotometriecally. 

The great discrepancies found in some 
cases between the visual and spectrophoto- 
metric readings for the same sample were 
probably due to a combination of time and 
dilution. Visual readings were made im- 


mediately following removal of the tubes 
from the water bath, while in some eases, 
due to the large number of samples in- 
volved and to the manipulations required 
to get the sample in suitable condition to 
make the reading, thirty to forty-five min- 
utes elapsed before the last of the spectro- 


photometric readings was completed. With 
some samples, the hemolytic activity of the 
complement apparently continued to fune- 
tion during this interval. This factor could 
probably be kept at a minimum if the sam- 
ples were placed in the water bath in a 
staggered fashion so that only a small num- 
ber of samples would have to be read at one 
time. Chilling of the samples following re- 
moval from the water bath or removal of 


uf 


r=) 


Per cent error 


0-90 0-80 0-70 
. 2—Comparison of standards for interpre- 
tation of spectrophotometric readings. 


a Positive samples 

ca Negative samples 

All samples 
Positive samples 
Negative samples 
All samples 

t 9 } 
\ 4 
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(‘OMPLEMENT-FIXATION 
the supernatant liquid following centrifu- 
gation would also serve to prevent further 
hemolysis. 

Since the instruments employed for the 
spectrophotometric determinations re- 
quired a minimum volume of 2.0 ce. to ob- 
tain satisfactory readings and since the to- 
tal volume used in testing was only 1.5 ece., 
it beeame necessary to add sufficient di- 
luent to make up this deficit. At Louisiana 
State University, Miller has shown that the 
addition of diluent will in some cases cause 
additional hemolysis, whereas no increase 
could be detected when the volume of test 
ingredients was increased to the point 
where no diluent was necessary. The titer 
of the serums may have been responsible 
for the fact that good correlation was ob- 
tained with some samples and not with 
others. High titer serums in combination 
with antigen probably form a more stable 
complex with the complement, thus redue- 
ing the effect of the added diluent to a 
minimum, whereas low titer serums and 
antigen form a less stable complex with 
complement. The added diluent may be 
instrumental in releasing complement from 
this complex, thus causing additional he- 
molysis. If spectrophotometrie determina- 
tions were to be employed on a routine 
basis, it would be necessary to inerease the 
aliquots of test ingredients so that the total 
volume would be 2.0 ce. or use an instru- 
ment requiring not more than 1.5 ee. 

The most satisfactory standards of inter- 
pretation of results would appear to be as 
follows: visual readings of 2+, 3+, and 
4+ to be considered positive ; 1+ readings 
to be called suspicious and retested. If a 
1+ reaction is again obtained, a new serum 
sample should be drawn and tested. Spee- 
trophotometric readings of 0 to 80 per cent 
hemolysis to be considered positive; 81 to 
90 per cent hemolysis to be called suspi- 
cious and retested as suggested for 1+ 
visual readings; 91 to 100 per cent hemoly- 
sis to be considered negative. 

The concentration of antigen employed 
by the various investigators showed a close 
relationship to the number of reactors 
missed and to the number of false positives 
obtained by each of them, as mentioned in 
the section on results. This difference can 
readily be explained on the basis of the dif- 
ferent standards used by the investigators 
in arriving at an interpretation. Miller, 
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who emphasized spectrophotometric read- 
ings in his determinations, would have had 
only 6 missed reactors if he had emphasized 
visual readings as did Price and Brock; 
that is, if he had considered all samples 
giving 2+, 3+, or 4+ readings as positive. 

It would appear from these results that 
the absolute strength of the antigens pre- 
pared at the three institutions was approxi- 
mately the same. The difference in the 
antigen concentration that was selected by 
each investigator as being optimum can be 
explained only by the antigen titration 
method employed. 

Since it has long been established that a 
deficiency of either antigen or antibody 
can be partially overcome by an excess of 
the other component, this undoubtedly is 
the explanation for the larger number of 
carriers missed by Miller and Price and 
points up the merit of the antigen titration 
method utilized by Brock. For this reason, 
we feel that this antigen titration proce- 
dure should be adopted for all anaplasmosis 
complement-fixation tests. 


SUMMARY 


Data from complement-fixation testing 


by three laboratories of 824 samples of bo- 
vine serums of known anaplasmosis history 
show that the accuracy of the test is 96 per 
cent in identifying anaplasmosis carrier 
cattle. 

Visual and spectrophotometric methods 
of reading the test results were used. Un- 
der conditions of this experiment, visual 
readings were more accurate. Improve- 
ments in technique are suggested which 
may increase the accuracy of spectropho- 
tometric readings. 

Suggested standards for the interpreta- 
tion of test results are as follows: visual, 
2+, 3+, and 4+ positive, 1+ suspicious; 
spectrophotometric, 0 to 80 per cent hemol- 
ysis positive, 81 to 90 per cent hemolysis 
suspicious, 91 to 100 per cent hemolysis 
negative. Suspicious samples should be re- 
tested or another sample should be taken 
and tested if necessary. 

The antigens used in this experiment 
were prepared at each of the three labora- 
tories by the method of Price, Poelma, and 
Faber ® and were found to be of about the 
same relative strength. The optimal con- 
centration of these antigens lay near 0.555 
mg./ee. of antigen suspension. 


* 
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Antibodies for Hemolysins of Micrococcus Pyogenes 
in Whey and Serum of Dairy Cattle 


JANIS LASMANIS, D.V.M., and G. R. SPENCER, D.V.M., Ph.D. 


Pullman, Washington 


A TRUE infection with tissue invasion by 
Micrococcus pyogenes in the mammary 
gland of dairy cattle should evoke an anti- 
body response. 

Varying titers of antihemolysins were reported 
in the milk and blood by Miller and Heishman,’ 
but these titers were only roughly correlated with 
the presence of udder infection. Gwatkin® found 
1.25 to 38.0 international units (I.U.) of staphylo- 
coceal antihemolysin antibodies per milliliter of 
serum of infected cows with the majority over 4 
I.U. per milliliter. He also found small concentra- 
tions of antibodies, usually below 2.5 I.U per milli- 
liter, in milk whey. 

Minett* reported that blood contains 40 to 80 
times as much antitoxin as milk whey. However, 
in colostrum and mammary exudates, the level of 
antitoxin might equal or exceed that in the blood 
of the animal. Schalm and Woods‘ men 
tioned that rising titers in older animals may in 
crease resistance to infection. They suggested this 
as an explanation for recovery or partial recovery 
of certain animals, 

The present investigation was conducted 
to determine the relationship between milk 
whey or serum titers and the presence of 
infection. 


same 


MATERIALS AND METHODS 


Freshly collected milk samples from individual 
quarters of 83 cattle in three herds were examined 
bacteriologically, employing procedures favorable 
for detection of M. pyogenes. Milk whey from the 
same samples was examined for antibody content. 
One year later, 64 cattle in two of these herds were 
retested. The same procedures were employed ex 
cept that blood serum titers were also determined. 

Bacteriological culture of milk entailed the di- 
rect streaking of a large loopful of freshly c¢ol- 
lected milk the surface of Difeo blood agar 
plates (8% bovine blood). These plates were in 
cubated for forty-eight hours and examined. Only 
those quarters from which coagulose-positive or 
ganisms were isolated were regarded as infected. 

Antihemolysin concentrations were determined 
by the method of Hartley and Smith.® A hemolytic 


on 


Scientific paper 1299, Washington Agricultural Exper 
iment Station, Pullman, project 1023, supported in part 
by a grant from Lederle Laboratories Division, American 
Cyanamid Co., Pearl River, N. Y. 

The authors are indebted to Dr. W. M. Dickson, De- 
partment of Veterinary Physiology and Pharmacology, for 
the statistical analysis, interpretation of data, and prep- 
aration of figure 1. 
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toxin was obtained from the supernatant fluid of a 
48-hour culture of a selected strain of M. pyogenes. 
This toxin was standardized with antitoxin sup- 
plied by the National Institutes of Health, Be- 
thesda, Md. 

The following method was employed to measure 
the concentration of antihemolysins. Milk samples 
were mixed with appropriate quantities of renin 
and incubated for one hour at 37 C. The whey was 
removed and inactivated at 57 C. for thirty min- 
utes. It was then mixed with 0.85 per cent saline 
solution in successive twofold dilutions. Inacti- 
vated blood serums were diluted in the same man- 
ner as whey. Either 0.5 or 1.0 hemolytic unit of 
hemolysin contained in 0.5 ml. of physiological 
saline was mixed with 1 ml. of each dilution of 
whey or serum and ineubated for one hour at 37 C. 
Then 0.5 ml. of a 4 per cent suspension of erythro- 
cytes previously washed three times in saline solu- 
tion was added to each tube. The mixture was in- 
cubated for one hour at 37C. and refrigerated 
overnight at 5C. The degree of hemolysis was ob- 
served and the end point or titer was regarded as 
the lowest dilution in which complete or almost 
complete hemolysis occurred. This titer was con- 
verted into international units (1.U.) per eubie 
centimeters of whey or serum by dividing the re- 
ciprocal of the titer by the units of toxin used in 
the test. 

RESULTS 


The antihemolytie titer of milk whey 
from infected and noninfected quarters is 


presented in table 1. Milk from nonin- 
fected cows usually showed little if any de- 
tectable antibody. Samples from nonin- 
fected quarters of infected cows had low 
titers in most instances, and their average 
titer was much lower than the correspond- 


TABLE 1—Naturally Occurring Antihemolytic 
Titer Against Micrococcus Pyogenes in Whey 
Samples from Infected and Noninfected Cows 


8 and 


Concentration in I.U.* < 5 ‘ 4 more 


No. infected 
quarters 

No. 

noninfected 
quarters 33 


Infected 


cows 


Noninfected 119 


cows 


Total 


No. quarters 


No. quarters 163 40 


* Titers expressed as international units of antitoxin 


per milliliter. 


Ps 24 42 #33 13 3 
~ 18 5 4 0 
4 
\ : \ 
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ing infected quarters of the same cows. The 
majority of infected quarters had 1 or 2 
I.U. per eubie centimeters of whey. The 
maximum titer found in whey from an in- 
fected quarter was 32 L.U. 


TABLE 2—Serum Titers of Antihemolytic Anti- 
bodies for Micrococcus Pyogenes in Infected 
and Noninfected Cows 


Titer in international units per milliliter 

8 and 

2 more 

Infected 4 11 

Noninfected : 3 4 
Total 7 15 

The relationship of serum titer to the 
presence in the milk of coagulase-positive 
microcoeci is indicated in table 2. The 
highest natural serum titer found was 64 
I.U. per milliliter. Most infected cows had 
2 or more I.U. of antihemolysin per milli- 
liter of serum, whereas most noninfected 
cows had less than 2 I.U. A few noninfected 
cows had high titers of 8 I.U. or more. 
These may have had a previous infection or 
the methods used have failed to detect the 
infection. 

The relationship between age and infec- 
tion is indicated in table 3. It is based on 
data taken from two herds in which the 
average incidence of infection was 36.5 per 
cent. The incidence of micrococcus infec- 
tion appears to have increased with age up 
to 5 years. 

A correlation was found to exist between 
the pH of the milk and the staphylococcal 
antihemolysin titer of the whey. This is 
based upon studies of 92 milk samples from 
23 cows. Examination of the data revealed 
that higher titers tended to occur in more 
alkaline samples. Statistical evaluation of 
this relationship in infected cows disclosed 
a very significant (P—0.01) positive linear 
regression of log titer (dependent variable ) 
on pH (independent variable) (fig. 1). 
This regression was calculated using the 
mean of the four individual quarter sam- 


TABLE 3—Cows Infected* with Micrococci by 
Age Groups 


7 and 
Age (years) 


Infected 
Noninfected : 6 
Infected (%) 40 


* Criterion of infection was the presence of coagulose 
positive Micrococcus pyogenes in milk from one or more 
quarters. 
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ples for each cow. Moreover, if individual 
samples are used for calculation, a very 
significant positive regression with about 
the same slope was demonstrated. 


DISCUSSION 


The data presented above agree in gen- 
eral with those of Miller and Heishman ’ 
and indicate a definite correlation between 
the presence of infection and serum or 
whey titers of staphylococcal antihemoly- 
sins. The relationship is not an exact one, 
however, and numerous discrepancies were 
discovered between cultural results and an- 
tibody titers. It appears that the serum 
titer may be used as a diagnostic aid under 
conditions where repeated culture of milk 
samples is not feasible. 

Serum titers were usually much higher 


TITER 
L0G 4.0 


by 1.12966 

JII3 
f «3.39 

mean fog titer =0./0/48 
mean pH 6.88 

mean titer =/.675 


66 6.7 6.8 6.9 7.0 7.1 7.2 7.3 
pH OF MILK 


Fig. 1—Relationship between the pH of milk 
and the log of titer of staphylococcal antihe- 
molysins. 


than whey titers. Whey titers probably de- 
pend both on the serum titer and on the de- 
gree of permeability of the mammary tis- 
sues interposed between the blood and 
milk. Evidence for the importance of per- 
meability is presented by the relation be- 
tween the whey titers and the pH of the 
milk samples. In this interpretation, it is 
not the intention of the authors to exclude 
the possibility that some antibodies may be 
produced in mammary tissues. Since phys- 
iological factors, particularly the stage of 
gestation, affect the hydrogen ion concen- 
tration of milk, it is suggested that anti- 
hemolysin titers of whey be interpreted 
with caution. Serum antihemolysins ap- 
pear to be more reliable as an indication of 
infection. 

The relation of age to infection is mani- 
fest in a gradually increasing age incidence 
in these two herds. The data on serum and 
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whey titers do not support the concept that 
rising titers may be responsible for suffi- 
cient resistance to the disease to produce re- 
covery from infection. On the contrary, 
high antihemolysin titers were usually ac- 
companied by organisms shed into the milk. 
It is possible that antibodies other than 
antihemolysins may be concerned with 
resistance. 

The degree of resistance associated with 
significant concentrations of antihemolytic 
antibodies may be a factor in preventing 
severe acute staphylococcal mastitis. The 
importance of the antihemolytie antibodies 
in chronic mastitis is doubtful and remains 
to be demonstrated. Sensitizing antibody 
in chronic staphylococcal mastitis inducing 
an increased susceptibility is also a possi- 
bility. A state of increased sensitivity in 
bovine streptococcal mastitis has previously 
been demonstrated by one of us.*® 


SUMMARY 


In a group of 126 quarter milk samples 
containing coagulase-positive staphylococci, 
only 11 had less than 0.5 international 
units of antitoxin and 49 had 2 or more 
units per milliliter of whey. In 207 quar- 


ter milk samples not containing coagulase- 
positive micrococei, 152 contained less than 
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0.5 units and only 13 had 2 or more units 
per milliliter. Similarly, serum titers in 34 
of 44 noninfected cows were 0.5 units per 
milliliter or less, whereas serum titers were 
2 or more units in 17 of 20 infected cows. 
These values suggest a trend toward lower 
titers in the animals culturally negative. 
There was a statistically significant corre- 
lation between the antibody titer of whey 
and the pH of the milk samples. This find- 
ing indicates that increased permeability 
of mammary tissues may be partly respon- 
sible for antibody in milk. 
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An Outbreak of Histoplasmosis Involving Animals and Man 


ROBERT W. MENGES, D.V.M.; MICHAEL L. FURCOLOW, M.D.; 
ROBERT T. HABERMANN, D.V.M. 


Atlanta, Georgia, and Bethesda, Maryland 


A sumMMARY of the 13 outbreaks of histo- 
plasmosis which have occurred in human 
beings has been presented by Furcolow 
et and Grayston et al.?- However, no 
data were presented concerning infection 
in the domestic animals in the vicinity. A 
recent outbreak ** which occurred on a 
farm near Atchison, Kan., has afforded an 
opportunity for such a study. 

The family involved included the mother, father, 
two sons, and the father’s brother. Their ages in 
vears were 30, 27, 6, 3, and 16. On Aug. 15, 1952, 
after living at their grandfather’s farm three 
miles away for a year, the family moved to a farm 
which had been idle for two years, taking 2 collie 
dogs (5-year-old male and 4-year-old female) and 
3, l-year-old eats which they had raised. 

On August 22, the 16-year-old boy cleaned the 
chicken house, and the manure was spread on the 
fields. The family helped, all being exposed to the 
dust. All developed an influenza-like 
August 30, having fever, headache, and anorexia. 
The 16-year-old boy had a severe respiratory illness 
which required seventy-two days of hospitalization. 
Radiographs of each person showed lung lesions, 
the most severely ill showing disseminated lesions. 
All had positive histoplasmin skin tests and posi 
tests for histoplasmosis. Histo 
plasma capsulatum was not isolated from any of 


illness by 


tive serological 


these persons. 

Later in August, 2 young cows, a 6-month-old 
ealf, and 27, 5-month-old pullets, were brought 
from the grandfather’s farm. 

On October 20, the bitch had 8 pups, and in 
November a Cocker Spaniel pup was acquired, 
bringing the number of animals on the farm to 44. 

On November 13 and December 9, soil samples 
were obtained from inside and outside the chicken 
house (fig. 1 and 2). Histoplasma capsulatum was 
isolated from two samples from inside and from 
one outside near the door.’® Histoplasma cap- 
sulatum was also isolated April 14, 1953, from air 
samplings taken 2 ft. off the ground floor inside 
the chicken house and 6 in. off the ground on the 
north side of the chicken from the 
building. 

The purpose of this paper is to present 
the results of studies on 12 animals associ- 


house 6 in. 


From the Communicable Disease Center, Public Health 
Service, U. S. Department of Health, Education, and 
Welfare, Atlanta, Ga.; and the Pathology Laboratory, 
National Institute of Arthritis and Metabolic 
National Institutes of Health, Bethesda, Md. 


Disease, 


ated with this outbreak. In addition, the 
histoplasmin sensitivity rates among ani- 
mals within a 2-mile radius of this farm 
are presented. 


MATERIALS AND METHODS 


Of the 12 animals studied, all except 1 chicken 
were obtained alive and all were from this farm 
except 1 chicken from the grandfather’s farm. 
The 5 pups and 1 cat were obtained for study Jan. 
27, 1953, the 3 kittens on April 21, 2 chickens on 
Dee. 9 and 11, 1952, and the chicken from the 
grandfather’s farm on June 11, 1953. 

The chickens and kittens were soon destroyed, 
but 4 of the pups and 1 cat were first observed for 
three weeks. The fifth pup was given to a labora 
tory worker and observed for five months. 

The animals on this farm and on nine nearby 
farms were skin-tested using a that has 
been deseribed.’ Histoplasmin lot H (KC) 3 and 
4, undiluted and diluted 1:10, lot H (KC) 7, di- 
luted 1:10, and lot H (KC) D-2.//0, undiluted, 
were used as antigens. 


method 


tested for 
a comple 
and yeast 
antigens; (b) a precipitin test with histo 
plasmin*’; and serums from 1 chicken and 3 
eats were tested using an indirect 
fixation test with histoplasmin."'’ 
Histopathologieal 


several animals were 
histoplasmosis using three tests:* (a) 
ment-fixation test with histoplasmin * 
phase 


Serums from 


complement 


studies 
Portions 
of lung, liver, spleen, adrenal, mandibular lymph 
node, proventriculus, kidney, bladder, 
ovary, small intestine, and heart were ground and 
cultured on one 


and bacteriological 


were done on tissues from the 12 animals. 
gizzard, 


agar (with 
10 % blood) plate and on two Sabouraud’s glucose 


brain-heart infusion 


The medium contained 40 units of 
streptomycin and 20 units of penicillin per milli 
liter. 
served for a minimum of one month. 


Portions of lung lesions and abdominal fluid of 


agar plates. 


The plates were incubated at 25 C., and ob 


the dogs, and of gizzard contents, large intestine, 
feces, liver, spleen, lung, and small intestine of the 
were inoculated intraperitoneally into 
The mice were necropsied one month later, 
and the combined liver, spleen, and adrenal tissues 
were cultured using the same 
the original tissues. 


chickens 
mice. 


method employed for 


* Appreciation is expressed to Dr. 8S. B. Salvin, Rocky 
Mountain Laboratory, Hamilton, Mont., and Dr. J. H. 
Schubert, Communicable Disease Center, Chamblee, Ga., 
for doing the serological tests. 
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RESULTS 
Histoplasmin Tests—On Dee. 9, 1952, 
the 44 animals on the farm were skin- 
tested with histoplasmin, 2 cattle and 1 
chicken (7 %) reacting. One of the 3 eats 


TABLE 1—Histoplasmin Sensitivity Rates 

Among Animals on Farms Within a Two-Mile 

Radius of the Affected Farm at Atchison, 
Kansas 


Age (years) 


Under 2 2to7 Total 


1 14 113 


8 and over 


Cattle 

Mules 0 

Chickens 0 

Dogs y 2 

Cats : 0 O 
Total $392 5 


T—total tested; positive; % © positive. 


tested could not be found when the tests 
were read but was later found dead. 

Since the 5 Collie pups and the cat stud- 
ied had spent quite a bit of their time play- 
ing around the chicken house, they were 
skin-tested several times using various lots 
of histoplasmin, undiluted and diluted 1: 


10. Four of the pups developed positive 
skin tests when undiluted histoplasmin was 
used but failed to react when histoplasmin 


was diluted 1:10. The skin tests on the 
other pup and the cat remained negative. 

On June 9, 17 cattle and 1 chicken were 
skin-tested on the grandfather’s farm. The 
cattle were all negative, but since the 
chicken was positive it was taken for study. 
On June 11, when skin-tested again, it was 
positive at twenty-four hours. 

During July and August, 1953, 161 ani- 
mals on farms within a 2-mile radius of the 
farm were skin-tested and 9 (6%) were 
found positive (table 1). 

Serological Tests—Serums from the 5 
pups, 1 cat, 3 kittens, and 2 chickens, as 
well as from the 3 cattle on the farm, 
were tested using the complement-fixation 
test with histoplasmin and yeast-phase an- 
tigens and also with the precipitin test 
with histoplasmin. The 3 kittens and 3 eat- 
tle were negative. 

The cat was positive 1:16 in the indirect 
complement-fixation test. One chicken was 
positive 1:8 in the indirect complement- 
fixation test, and positive 1:5 in the pre- 
cipitin test. Four of the pups had positive 
and 1 a doubtful complement-fixation test 
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using yeast-phase antigen, but all 5 had 
negative precipitin tests. When the pups 
were retested, 3 had positive and 2 doubt- 
ful complement-fixation tests, only 1 show- 
ing a rise in titer; 2 had positive precipitin 
tests. 

Clinical Observations and Gross Pathol- 
ogy.—After the 5 pups and the cat had 
been observed for three weeks, all but 1 
pup were destroyed for necropsy. The 
pups appeared to be normal although all 
were passing adult tapeworms and ascarids 
for which they were treated January 30. 
The cat had a severe diarrhea and loss of 
appetite for a few days before being sub- 
jected to necropsy. The remaining pup ap- 
peared normal until May 12, when it 
showed a loss of appetite. On May 14, its 
sclera were congested; its rectal tempera- 
ture 101.4 F., after which it appeared to be 
normal until found dead in its kennel on 
June 8, with evidence of a hemorrhage at 
the nose prior to death. 

The 3, 3-week-old kittens obtained from 
the farm on April 21 had been moved by 
the dam, when 1 week old, into a manure 
spreader and later to a feed box in the cow 
barn. They appeared normal but were ob- 
tained for study primarily to see whether 
animals could be infected shortly after 
birth; however, no evidence of infection 
was found. 

Of the 12 animals destroyed for nec- 
ropsy, none showed extensive gross lesions ; 


Fig. 

Atchison, Kan. Histoplasma capsulatum was 

isolated from the soil near the door outside the 
chicken house. 
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the cat and 3 kittens had no gross lesions. 
Three pups had clear fluid in the abdomi- 
nal cavity, the amount ranging from 100 to 
500 ee., and 4 pups had numerous pin-point 
white lesions throughout the lungs and a 


Fig. 2—Inside the chicken house. Histoplasma 
capsulatum was isolated from two soil samples 
from inside the chicken house. 


few nodular lesions approximately 2 mm. 
in size on the surface of the lungs. The 
nodular lesions appeared to have a clear 
central portion. Two pups had kidney le- 
sions, 1 a small white area beneath the sur- 
face of the kidney, the other a white lesion, 
1 mm. in size, on the surface of the kidney. 

Upon necropsy June &, the fifth pup re- 
vealed the following lesion: liver enlarged 
with mottled areas, spleen approximately 
twice normal size, kidneys edematous, mes- 
enteric and mandibular lymph nodes en- 
larged, and lungs hemorrhagic with mul- 
tiple nodular lesions 3 to 5 mm. in size 
(fig. 5). 

No symptoms had been observed in the 
chickens. While one of the 2 chickens from 
the farm showed no gross lesions, the other, 
the histoplasmin reactor (fig. 3), had an 
enlarged liver with one 2-mm. nodular le- 
sion with a caseated center raised above the 
surface and one yellowish area at the edge. 
The spleen, somewhat enlarged, showed 
greyish mottled spots. The ovary was con- 
gested. Death was due to hemorrhage, the 
pericardial sac being filled with blood. The 
chicken from the grandfather’s farm had 
one lesion, a dark 8-mm. area with a light 
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center raised above the surface of the liver 
(fig. 6). 

Histoplasma capsulatum was_ isolated 
from the tissues of 6 of the 12 animals. The 
fungus was isolated from the liver, spleen, 
and kidney of 1 pup; liver, lung, and man- 
dibular Ilvmph node of another pup; and 
from the liver, spleen, and lung of the re- 
maining 3 pups and the eat. 

Histopathological Findings——The lung 
tissues from the 5 pups showed 1 with 
pneumonia and 4 with scattered small dis- 
crete nodular lesions measuring from 100 
to 500 » in diameter. One pup showed peri- 
bronchial and intraalveolar lymphocytic 
nedules, slight thickening of the alveolar 
septum, some infiltration of lymphocytes, 
and a few polymorphonuclear leukocytes. 
Three pups showed peribronchial and alve- 
olar nodules with necrotic centers sur- 
rounded by dense strands of fibrous con- 
nective tissues infiltrated with lympho- 
cytes. Some of the larger nodules also 
showed a central deposition of calcium. The 
livers from 2 pups had lesions, 1 showing 
scattered areas of focal necrosis and small 
nodular lesions infiltrated with lympho- 
cytes and monocytes, the other showing sev- 
eral small granulomatous lesions made up 
of large mononuclear cells, lymphocytes, 
and fibroblasts. Two pups showed areas of 
focal necrosis in the tracheal lymph nodes, 
1 showed areas of focal necrosis in one cer- 


Fig. 3-—White Plymouth Rock pullet, 9 months 

old, a reactor to 0.1 mi. of histoplasmin, lot 

H(KC) 3 and 4, undiluted. Reaction, 8 mm.; 
site of injection, right wattle. 
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vical lymph node, and 1 showed slight scar- 
ring of several of the lymph follicles in the 
colon. 

The cat tissues showed peribronchial and 
perivascular lymphocytic nodules, several 


Fig. 4—Nodular liver lesions from the same 
chicken. Hematoxylin and eosin. x 87. 


smaller ones, measuring 200 » in diameter, 
compressing the alveoli; thin ribbon-like 
streaks of lymphocytes between the myo- 
cardial fibers; and small irregular areas of 
calcium deposition in the cells of the 
adrenal cortex. These areas were separated 
into small lobules by dense strands of fi- 
brous connective tissue. The capsule of the 
adrenal gland showed fibrosis and the at- 
tached fascia was thickened by dense and 
wavy fibrous connective tissue. 

Tissues of 2 of the chickens showed scat- 
tered small nodules made up of lympho- 
cytes and macrophages and slight degener- 
ation of myocardium in 1 of the birds. The 
liver of 1 showed perivascular infiltration 
of lymphocytes and one area showed two 
lymphocytic nodules surrounded by 
strands of fibrous connective tissue infil- 
trated with lymphocytes and inflammatory 
cells (fig. 4). The omental attachments of 
the small intestine of 1 chicken showed sev- 
eral fibrous areas infiltrated with inflam- 
matory cells and macrophages, and the 
other chicken showed a fibrinous exudate, 
infiltrated lymphocytes, and macrophages 
containing yellowish brown pigment on the 
serosal surface of the small intestine. The 
omentum of both these chickens showed 
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scattered irregular areas of fibrosis and in- 
filtration of inflammatory cells and macro- 
phages containing yellowish brown pig- 
ment. One kidney showed a lesion 200 » in 
diameter made up of inflammatory cells. 
Although H. capsulatum was not isolated 
from the chickens, the histopathological le- 
sions in the liver and heart were similar to 
those observed in chickens experimentally 
inoculated with spores of H. capsulatum.” 


DISCUSSION 

This outbreak of human histoplasmosis 
appears to be the first reported in which 
unimals in the vicinity of the point source 
have been found infected. There appeared 
to be no evidence that the animals were 
transmitting the infection. Most of the an- 
imals were either brought to the farm or 
born there after the family became sick. 

Since H. capsulatum was isolated from 
the soil and air in the chicken house, it ap- 
peared that all the infection had come from 
this common source. Recent demonstration 
of H. capsulatum spores in the open air 75 
ft. above the ground by Rooks “ presents 
further evidence that infection oceurs 
through the inhalation of air-borne spores. 

The study of 5 of the pups which were 
born on the farm and infected early in 
life, presented several interesting facts. 
Two had positive histoplasmin skin tests at 


Fig. 5—Multiple nodular lesions in the lung of 
the dog that expired at 7! months of age. 
x 2.25. 
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3 months of age, 2 more were positive at 4 
months of age, and 1 remained negative. 
The one that remained negative expired at 
714 months of age, revealing many lesions. 
The pups were skin-tested several times, 
but no positive reactions were obtained 
when histoplasmin diluted 1:10 was used. 
This can be explained by presenting the 
results of skin tests on 5 rabbits that were 
inoculated by an air-borne method with 
spores of H. capsulatum.*® These 5 rabbits 
were followed until the 150th postinocula- 


Fig. 6—Lesion in the liver of the chicken from 
the grandfather’s farm. x 2. 


tion day, all developing a positive skin re- 
action. On the thirty-second day, 2 reacted 
to histoplasmin diluted 1:10 but on the 
38th, 52nd, and 73rd days, all failed to re- 
act to histoplasmin diluted 1:10, and only 
1 reacted to undiluted antigen. Later when 
tested with histoplasmin diluted 1:10, 3 
were positive on the 110th day, 4 on the 
124th day, and all 5 on the 150th day. Dur- 
ing the first one hundred days, intermittent 
fever occurred indicating a systemic reac- 
tion which probably suppressed the skin 
reaction. Since the pups were tested dur- 
ing the early phases of the infection (50 to 
120 days after birth) the skin reaction may 
likewise have been suppressed by a sys- 
temic reaction or possibly by other factors. 
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The histopathological studies revealed 
calcified nodules in the lungs of the pups 
and deposition of calcium in the adrenal 
gland of 1 eat. 


SUMMARY 


A description of an outbreak of histo- 
plasmosis among human beings and ani- 
mals is presented. A total of 12 animals 
were studied including 5 dogs, 4 eats, and 
3 chickens. Their clinical symptoms, nec- 
ropsy, and eultural findings, histoplasmin 
skin test results, and serological test re- 
sults are presented. In the 12 animals 
studied, Histoplasma capsulatum was iso- 
lated from 5 dogs and 1 eat. The fungus 
was not isolated from the 3 chickens but 2 
were histoplasmin reactors. A total of 161 
animals within a 2-mile radius of the in- 
volved farm were skin-tested with histo- 
plasmin and 9 (6 %) were found positive. 
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Virus Diarrhea in Cattle 


JAMES A. BAKER, D.V.M., Ph.D.; CHARLES J. YORK, D.V.M., Ph.D.; 
JAMES H. GILLESPIE, V.M.D.; GRAYSON B. MITCHELL, D.V.M. 


Ithaca, New York 


IN 1946, a new febrile disease of cattle was 
reported by Olafson and co-workers.” 
They isolated the agent, reproduced the 
disease experimentally, and observed that 
this disease was a transmissible infection 
characterized by profuse diarrhea with cer- 
tain clinical signs of illness, particularly 
ulcerations of the mouth, which resembled 
rinderpest. With the cooperation of 
Walker,*® they proved conelusively by both 
cross-immunity and neutralization tests 
that there was no antigenic relationship be- 
tween rinderpest and the new disease of 
cattle. Since Olafson and his co-workers 
were able to transmit this disease by infee- 
tious material which contained no visible 
organisms, they concluded that a virus was 
responsible and named the disease ‘‘ virus 
diarrhea’’ (VD). 

The two strains used in the present study 
were obtained in 1948 from sick cattle 
whose illness had been diagnosed as virus 
diarrhea and, on this basis, both agents 
were considered to be similar to the virus 
previously reported by Olafson as the cause 
of virus diarrhea. The original infectious 
material was not preserved and, therefore, 
was not available for exact comparison with 
the strains reported in this paper. The pres- 
ent paper is a report of studies with two 
strains of the VD virus, one isolated from a 
cow in New York State and the other from 
a cow in the State of Maine. 


STRAINS USED FOR StTupY 


In June, 1948, a young heifer from the vicinity 
of Ithaca, N. Y., was brought to the New York 
State Veterinary College for examination. Lesions 
suggestive of virus diarrhea were found at autopsy 
and the spleen from this animal obtained 
through the courtesy of Dr. Peter Olafson. A por- 
tion of this spleen was weighed and made into a 
10 per cent suspension in saline with a _ glass 
grinder. After coarse particles had settled, 1 ml. 
of the supernatant fluid was inoculated intrave 
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nously into another calf. This calf sickened, which 
indicated that an infectious agent had been trans- 
mitted. The calf was autopsied and portions of its 
spleen were placed in vials and kept under dry ice 
refrigeration. In further studies, this agent was 
ealled strain 1. Shortly afterwards, a specimen 
from the State of Maine was submitted with de 
scriptive signs of illness which resembled those of 
virus diarrhea. From the various materials sent, 
brain was selected for the inoculum. As described 
above, a portion was made into a 10 per cent sus- 
pension and was inoculated into a calf. This ani 
mal sickened, was autopsied, and portions of the 
spleen saved. The infectious agent in this material 
from Maine was designated strain 2. 

A comparison of strain 1 and strain 2 was made 
by cross-immunity tests. In each test, a calf was 
inoculated intravenously with 1 ml. of a 10 per cent 
suspension in saline of infected spleen and, for 
fourteen days thereafter, was observed for signs of 
illness. After this period of observation, the calf 
was reinoculated with the same strain as was done 
initially and again observed for fourteen days. It 
then was inoculated with the other strain. Each 
inoculum was tested for infectivity by inoculating 
another calf. These tests were repeated five times 
with each strain in complete reciprocal eross-immu- 
nity tests. The results are shown in table 1, where 
it carn be seen that each strain immunized against 
itself and against the other. 

Material that contained the infective agent was 
examined for the presence of organisms under the 
ordinary optical microscope using a variety of 
bacteriological stains, as well as Macchiavello’s 
method and dark-field examination. No organisms 
were seen. Various mediums, such as blood agar 
slants, PPLO (Difco) medium containing various 
concentrations of serum, Schiiffner’s medium for 
Leptospira, and sodium thioglycollate medium were 
inoculated with infective material, placed at room 
temperature or at 37 C. and incubated for various 
periods of time. No growth of organisms occurred. 
In addition, the yolk sac of hen’s eggs embryo- 
nated for five, six, or seven days were inoculated 
with 0.5 ml. of a 10 per cent suspension in saline of 


TABLE 1—Comparison of New York Virus 
(Strain 1) and Maine Virus (Strain 2) by Cross- 
Immunity Tests in Calves 


Immunizing Strain Strain 1 Strain 2 


1 0/5 0/5 
2 0/5 0/5 


None 10/10 10/10 


Denominator indicates number of animals tested; nu- 
merator indicates number of animals showing signs of 
illness. 
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spleen from an infected ealf. After further incu 
bation for five days, eggs were examined, films 
prepared from the yolk saes and stained by Macchi 
avello’s method. No forms resembling those of the 
psittacosis-lymphogranuloma group or rickettsias 
were seen, 

Failure to demonstrate visible organisms led to 
the conclusion that a virus had been obtained but, 
since the infectious agent obtained by the original 
workers on the virus diarrhea was no longer avail 
However, since 
strains 1 and 2 were obtained from animals show 
ing signs of illness similar to the published deserip 
tion of virus 


able, no comparison was possible. 


diarrhea and sinee they produced 
similar signs of illness in inoculated calves, these 
strains were considered as the causative agent of 


virus diarrhea. 


PRODUCTION OF DISEASE 


Method.—The cattle used for study varied in 
age from 1 week to more than a year, were of 
either sex, and of the usual dairy breeds. Some 
came from dairy herds in New York State and the 
others from an experimental herd maintained by 
the Virus Research Institute. This herd has been 
kept in strict isolation for many years to prevent 
accidental infection. Animals to be inoculated were 
placed in isolation units and allowed to adjust to 
their new environment for at least one week. Dur 
ing this period of observation, temperatures and 
leukocyte counts were taken and any abnormal ani 
mal was disearded, except 2 that had hyperkerato 
sis. In every instance, calves from the Institute 
herd adjusted without difficulty and their tempera 
tures and leukocyte counts were in the normal 
range. Not infrequently the animals purchased else- 
where developed high temperatures or other signs 
of illness so that they could not be used. 

After a period of adjustment in the isolation 
units, calves were inoculated by one of two meth 
ods: Each of 75 ealves from dairy farms and 25 
calves from the institute herd was inoculated intra 
venously with 1 ml. of defibrinated blood, 1 ml. of 
a 10 per cent suspension in saline of spleen from an 
infected calf or of serial dilutions thereof, or each 
of 5 ealves from the institute herd was given an 
intranasal inoculation of 10 ml. of a 10 per cent 
suspension in saline of spleen from an infected 
ealf. After inoculation, temperatures were taken 
twice daily and total leukocyte counts made once 
each day. Serums were collected before inoculation 
and after recovery. From some infected animals, 
blood was taken and defibrinated at the time of 
inoculation, and again two, four, eight, and ten 
days after inoculation, for measurements of virus 
concentration. In addition, calves were killed either 
two to three days, four to five days, or seven to 
eight days after inoculation. Their spleens were 
removed and tested for virus. Also from some 
calves, material from various organs was placed 
in 10 per cent formalin and saved for histological 
study. Results of infectivity tests are presented in 
table 2. 
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As can be seen in table 2, calves were in- 
fected by inoculations either intranasally 
or intravenously. Of the group of calves 
from dairy farms, 55 of 75 showed signs of 


TABLE 2— Results of Infectivity Tests in 
Calves Inoculated with Virus Diarrhea Virus 


Route of 
inoculation 


Source of 
calves Response 

Intravenous 

Intravenous 

Intranasal 


Dairy farms 
Institute herd 


Denominator indicates number of animals tested; nu- 
merator indicates number of animals showing signs of 
illness. 


illness (73 %) while all of the calves from 
the institute herd became ill (100 “%). 


FEATURES OF THE DISEASE 
Data.—From two to four days after 
calves were inoculated, a slight rise in temperature 
usually occurred as the first evidence of infection. 
Often this was detected at one temperature reading 
only. The following day a leukopenia sometimes 
was observed for about twenty-four hours, while 
the temperature receded for two to three days. 
During this initial response, the animals continued 
to eat and showed no visible signs of illness. This 
was followed by a second phase in which the rise in 
temperature was higher than in the first stage and 
lasted for two or three days. At the same time, a 
definite leukopenia developed in most of the calves, 
although in some cases an uninterrupted leukopenia 
found from the time of the initial rise in 
temperature, 

The amount of infectious material given 
and the route of inoculation seemed to bear 
a definite relationship to the incubation pe- 
riod. In general, calves which received a 
larger amount of inoculum showed signs of 
infection sooner while those inoculated in- 
travenously also responded in a shorter 
time than the ones which were inoculated 
intranasally, although the second phase of 
illness did not seem to be affected by these 
factors. Age also influenced the thermal 
and leukocytie reactions. In general, calves 
less than 1 month of age showed little or no 
increased temperature in the first phase 
and only a slight increase in the second 
phase. Older calves up to 1 year of age 
showed the reaction described above. Cat- 
tle over 1 year of age showed a longer inter- 
val before onset of fever and a higher tem- 
perature in the first phase than in the 
second. Leukocyte counts were lower in the 
older animals than in the very young 
group. 


Clinical 


was 
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In the second phase, animals quit eating 
and drinking and many showed marked de- 
pression. In some, increased lacrimation 
was observed and examination of the nos- 
trils and oral mucosa showed a reddening, 
especially around the teeth. Uleers in the 
mouth, reported to be common in the nat- 
ural cases of this disease, were not seen gen- 
erally in calves that were inoculated experi- 
mentally. Diarrhea, the most common fea- 
ture observed in natural cases of the dis- 
ease, developed in about 50 per cent of the 
calves purchased from dairy herds but only 
occasionally in the calves from the institute 
herd. None of the calves died except the 2 
that had hyperkeratosis when placed on ex- 
periment. These animals died eleven and 
fourteen days after inoculation. The others 
began eating again after the end of fever. 
In figure 1 a typical clinical response is 
shown. 

An interesting sequela was observed by 
()lafson in five herds that contained 95 ani- 
mals. Abortion occurred in 20 of 35 bred 
heifers about one month after they had 
showed signs of infection with virus diar- 
rhea. These animals were entirely negative 
when tests were made for brucellosis. In 
our work with 2 pregnant cows, 1 aborted 
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about six weeks after infection while the 
other did not. 

Concentration of Virus in Relation to Clinical 
Course of Illness.—The original workers on virus 
diarrhea reported a concentration of only 100 in 
fectious doses per gram of spleen. In their study, 
material for test was taken during the height of 
fever, or seven to nine days after inoculation, in 
the second phase of the clinical course. After find 
ing that the course of illness in calves was diphasic, 
presence and concentration of virus in blood and 
spleen of calves were measured at the time of inoe 
ulation and also at intervals of two, four, eight, 
and ten days after intravenous inoculation with 1 
ml. of a 10 per cent saline suspension of spleen 
from an infected calf. 

For measurements 
were taken on the designated days from the jugu- 
lar vein of a calf, defibrinated, distributed into 
several vials, and stored under dry ice refrigera 
tion. In making a test, a vial of blood was thawed, 
tenfold dilutions were prepared, and 1 ml. of eac. 
dilution was given intravenously to a test calf. To 
measure the virus in the spleen, a calf was infected 
as usual and, at the time interval to be tested, was 
killed, portions of spleen removed and placed under 
dry ice refrigeration. In this test, the spleen mate 
rial was thawed, weighed, and made into a 10 per 
cent suspension in saline with a glass grinder. The 
suspension was centrifuged at 1,500 r.p.m. for five 
minutes, the supernatant removed, ar4 tenfold di 
lutions prepared in saline. Tests of each dilution 


of virus in blood, samples 
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Fig. 1—Features of iliness shown by calf inoculated with virus diarrhea virus. 
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were made in calves as for the blood dilutions. 
After inoculation, temperatures and _ leukocyte 
counts were made on the ealves for fourteen days 
and then each ealf was reinoculated with VD virus 
in a test for immunity. Thermal response, a leuko- 


TABLE 3—Virus Concentration in Relation to 
Course of Illness 


Infectious doses of virus 


Days after 


inoculation Blood Spleen 


None 
100 to 1,000 
10,000 to 100,000 
100 to 1,000 
Not tested 


( None 
7 10 to 100 
1,000 to 10,000 
10 to 100 
None 


penia following initial inoculation, and no signs of 
illness when given the second inoculation consti 
tuted presence of the virus. The results are pre 
sented in table 3. 

As ean be seen in table 3, the greatest 
concentration of virus found in blood and 
spleen occurred four days after inoculation 
or in the interphase. Lesser concentrations 
were found two days and eight days after 
inoculation. No virus was found in the 
blood of 2 calves ten days after inoculation. 

Pathological Conditions.—The material used for 
study was furnished by 21 calves, 2 of which died 
while the others were killed four to sixteen days 
after inoculation. From 5 of these animals, histo 
logical sections were prepared from liver, spleen, 
kidneys, lungs, and portions of the intestinal tract. 

Autopsy examination showed no changes that 
could be attributed to virus diarhea except for 3 
animals that showed ulcers in the mouth. Involve- 
ment of the esophagus reported by Olafson and eo 
workers was not seen in any of the calves. Redden- 
ing of the stomach and of the intestines was seen 
in some calves. The animals that died were the 2 
which had been affected by hyperkeratosis before 
inoculation. In addition to the changes produced 
by this condition, they showed ulcers in the mouth 
and extensive pneumonia. Three other calves 
showed pneumonia in the anterior lobes of the 
lungs but the lesions appeared to be of long dura 
tion. Since these calves were purchased from dairy 
farms, the pneumonia may have occurred from a 
previous infection. Histological study of the liver, 
lungs, spleen, kidneys, and intestines showed no 
lesions. No inclusion bodies were seen. 

Serological Studies——In animal studies, the pres 
ence of VD virus in test material was indicated 
when inoculations produced signs of illness in a 
susceptible calf and failed to do so in one that had 
recovered from infection. Final confirmation was 
obtained when no illness occurred as the result of 
a second injection of VD virus into a ealf which 
had recovered from the first inoculation. These 
tests for incidence of VD virus in cattle were ex- 
materials. <A 


ceedingly costly both in time and 
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suitable tube test was sought and investigations 
were made of complement-fixation and neutraliza- 
tion tests. 

Complement-Fixation Test.—In the preparation 
of antigen, spleen was removed from an animal 
killed four days after inoculation or at the height 
of febrile response and placed immediately under 
dry ice refrigeration. Portions of this spleen were 
thawed and homogenized in a Waring blendor to 
make a 20 per cent suspension by wet weight in 
buffered saline (pH 7.2). This preparation was 
then centrifuged at 1,500 r.p.m. to remove coarse 
particles, then formaldehyde was added to a final 
concentration of 0.2 per cent. Afterwards, the prep 
aration was placed in a refrigerator at 4C. for 
forty-eight hours and again centrifuged at 2,000 
r.p.m. The supernatant fluid was saved and the 
sediment discarded. 

Additional procedures in making antigen con 
high speed centrifugation in order to 
concentrate antigenic activity. The material cen 
trifuged consisted of a 20 per cent suspension of 


sisted of 


spleen in saline. The suspensions were divided into 
two portions: One portion was subjected to rapid 
freezing and thawing six times and the other left 
untreated. Both portions were then precipitated 
with protamine sulfate and centrifuged at 2,000 
r.p.m. for ten minutes in a horizontal centrifuge. 
Some of the sediment was saved from each portion. 
The supernatant portion was centrifuged at 16,000 
r.p.m. for one hour in a high speed angle centrifuge 
and the supernatant portion of this was earefully 
aspirated and discarded. The sediment was resus- 
pended in a small amount of saline. All of the ma- 
terials to be tested were lyophilized in small vol- 
umes and, when later reconstituted, 
antigens. 

In attempts to standardize this antigen for com- 
plement-fixation tests, complement first ti- 
trated in the presence of varying concentrations 
of antigen. Using 2 units of complement, twofold 
dilutions of antigen were tested for complement 
fixing properties in the presence of bovine serum 
collected before inoculation and again two to four 
weeks afterwards. Each material was employed in 
0.5-ml. amounts and thoroughly mixed. These mix- 
tures were placed at 4C. for eighteen hours and 
then a hemolytic system added that consisted of 2 
per cent sheep cells sensitized with 2 units of am- 
bocepter. Readings were made after a further in 
cubation period of thirty minutes at 37 C. Appro- 
priate controls were included. Tests that utilized 
serums from 2 to 5 animals for each antigen failed 
to show any evidence of fixation. 

Neutralization Test—In these tests, spleen 
shown to contain 1 ml. x 10° infective doses of virus 
used. 
spleen was made into a 10 per cent suspension in 
1,500 
r.p.m. for five minutes, the supernatant decanted 
and used to prepare dilutions. To 1.5 ml. of the 
10° dilution an equal portion of unheated serum 
from an immune calf was added, thoroughly mixed, 


served as 


was 


was For virus preparation, a portion of 


saline with a glass grinder, centrifuged at 
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and placed at 4C. for two hours. Then, 2 ml. of 
the mixture was inoculated into a susceptible calf. 
In a similar manner, a 10° dilution was mixed 
with serum from a nonimmune e¢alf, incubated, and 
inoculated into a calf. In another test, serum that 
had been heated at 56C. for thirty minutes was 
used. All these tests were repeated. The calves 
became ill, which indicated the inability of either 
treated or untreated serums from immune ¢éalves to 
neutralize virus. 


TRANSMISSION TO OTHER ANIMALS 


In studies on infectious agents pathogenic for 
cattle, the work is greatly aided if smaller labora 
tory animals can be used for test purposes. Also, 
studies of this kind indicate host range, which is a 
consideration in epidemiological studies. In the 
search for a suitable species, all types of available 
laboratory animals were tested and, in addition, 
other farm animals and dogs were tested. 

Eggs.—A 
spleen from an infected calf was prepared and 
coarse particles allowed to settle. Into the yolk 
5 hen’s eggs, embryo 
nated for five days, 0.5 ml. of the supernatant was 
inoculated. On the chorioallantoic membrane of 
each of another group of 5 eggs that had been em- 
bryonated for nine days, 0.1 ml. of the supernatant 
was inoculated. After an incubation period at 37 C. 
for five days, yolk sae membranes and chorio 
allantoic membranes from the inoculated eggs were 
removed, the membranes of group pooled, 
made into a 10 per cent suspension and other eggs 
inoculated in the same manner as for the initial 
After five serial transfers, 1 ml. of a 
10 per cent yolk sae suspension was inoculated in 
travenously into a calf and 1 ml. of a 10 per cent 
chorioailantoic 


10 per cent suspension in saline of 


sac of each of a group of 


each 


passage. 


membrane suspension likewise in 
oculated into another calf. Neither calf became ill 
but when later given 1 ml. of spleen suspension 
from an infected calf, they did become ill, which 
indieated that virus had not propagated 
either in the yolk sae or chorioallantoic membrane. 


been 


This test was repeated twice and the conclusion 
that this strain of VD virus would 
not infect eggs. 

Guinea Pigs. 


was reached 


Each of a group of 3 guinea pigs, 
with an average weight of about 300 Gm., was in 
oculated intraperitoneally with 1 ml. of a 10 per 
cent suspension in saline of spleen from an in 
fected calf. The guinea pigs were killed five ‘days 
after inoculation, their pooled, 
made into a 10 per cent suspension and inoculated 
ealf. Another group of guinea pigs was 
inoculated in a similar manner but 
pig was given 10 mg. of These 
animals also were killed five days after inoculation, 
a pool of their spleens made, suspended in saline, 
and inoculated into a test calf. 

Neither calf became ill following the inoculation 
of guinea pig materia]. Each calf later was given 
a test inoculation and both showed signs of illness, 


spleen removed, 


into a 
each guinea 


4,5,6 
cortisone. 
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It, therefore, appeared that VD virus could not be 
transferred to guinea pigs. 

Rabbits.—The rabbits used were from mongrel 
stock, largely Polish-Dutch and were 3 to 5 months 
of age. For inoculation, each of 2 rabbits was 
inoculated intravenously with a 10 per cent suspen- 
sion in saline of spleen from an infected calf. The 
rabbits were killed after five days and a portion of 
spleen from each was used for making another 10 
per cent suspension. A calf was given 1 ml. of this 
suspension intravenously in a test for virus. This 
calf showed the usual signs of illness, was killed, a 
portion of its spleen removed, made into a 10 per 
cent suspension, and 2 rabbits were inoculated as 
for the first passage. Again, spleens were removed 
from these rabbits and inoculated into a ealf to 
make the second alternation as was done when 
rinderpest virus was adapted to rabbits.’ This calf 
also became ill, was killed, and its spleen was used 
to initiate serial passages in rabbits. Spleens from 
rabbits were tested for virus at the 5th, 10th, 15th, 
30th, 50th, and 75th serial passage. Temperatures 
were taken twice daily on calves and once each day 
on rabbits. Total leukocyte counts were made daily 
on the calves. All animals that were autopsied were 
examined for lesions. Calves that received material 
from rabbits in the serial passages were reinocu 
lated with virus that had been maintained only in 
calves. If the calf showed no signs of illness from 
this test injection, it was evident that VD virus 
had been present in the rabbit material used for 
the first inoculation. 

None of the inoculated rabbits showed any tem 
perature elevations in the early passages. In later 
passages, a_ slightly temperature was 
noticed in some two to three days after inoculation, 
but temperatures exceeding 40 C. seldom occurred. 
No other signs of illness were noted. Upon autopsy 
none of the rabbits showed 
virus diarrhea. 


increased 


lesions referable to 

Calves inoculated with material from rabbits in 
the early serial passages showed temperatures, Jeu 
kocyte counts, and other signs of illness similar to 
that produced by material transferred in calves. 
3eginning with the thirtieth passage, progressive 
attenuation occurred, and the only evidence of in- 


fection noted with material that had been trans 


ferred in rabbits 75 times was a slight leukopenia 


and a temperature elevation on one day only in the 
second phase. Calves that were given test virus 
after inoculation of rabbit-passed material showed 
no signs of *''»»ss and, therefore, had been immu- 
nized by th is in the rebbit material. 

Other Animuis.—Each animal in the following 


groups, which consisted of 2 pigs, 2 dogs, 2 eats, 


2 goats, 1 sheep, 5 mice, and 2 calves, was inocu- 
lated subcutaneously with 1 ml. of a 10 per cent 
suspension in saline of spleen from an infected 
ealf. Temperatures were taken daily on all ani 
mals except the mice. 
elevation of temperature except the calves, which 
responded in the usual manner. 


None of them showed any 


‘ 
i 
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From 2 cows which showed signs of ill- 
ness similar to those deseribed for virus 
diarrhea, infective agents were transferred 
to ealves. In inoculated calves, the course 
of illness was diphasic, with an initial in- 
crease in temperature and a leukopenia two 
to four days after inoculation, followed by 
a receding temperature for two or three 
days and development of a second tempera- 
ture elevation higher than the first. The 
two agents procured from natural cases 
were similar antigenically. Exact compari- 
son studies of these strains could not be 
made with the original strains since they 
were no longer available. A comparison of 
the signs of illness between the animals that 
furnished the strains and those described 
in the original publications and of the dis- 
ease produced in inoculated animals, how- 
ever, showed a similarity that led to the 
conclusion that the disease described herein 
is the same as that named ‘‘ virus diarrhea.”’ 

A diarrhea occurred in about half the 
calves purchased from dairy farms that re- 
sponded to inoculation, and oceasionally a 
calf from the disease-free herd developed 
softer feces. Ulceration of the oral mucosa 
seen in natural cases rarely occurred in in- 
oculated calves and then only in purchased 
animals. It would appear that the ulcera- 
tions and profuse diarrhea might be a com- 
plication and the result of one or more 
agents acting either secondarily or in com- 
bination with VD virus. Failure to produce 
oral lesions experimentally in the mucosa 
like those seen in natural cases is not with- 
out parallel in rinderpest of cattle. In nat- 
ural cases, a prominent lesion attributed to 
rinderpest is ulcerations of the oral mu- 
cosa* yet in inoculated animals these lesions 
were almost never seen.® 

Inoculation of calves purchased from 
dairy farms showed that about one fourth 
were immune to VD virus but ease histories 
did not show when this infection had oe- 
eurred. Almost certainly none of these had 
developed the oral lesions that lead to elin- 
ical recognition of virus diarrhea or they 
would have been noted. In any investiga- 
tion for the incidence of virus diarrhea, 
therefore, reliance must not be placed 
wholly on oral lesions although these are 
rather striking and may be the sign that 
first attracts attention. Also, failure to 
produce these lesions by inoculation should 
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not be a basis for concluding failure in at- 
tempts to procure the initiating infective 
agent. Recently, Ramsey and Chivers,’® in 
reporting on a condition in cattle from 
lowa which they called mucosal disease, 
suggested a similarity between this condi- 
tion and virus diarrhea and with hyper- 
keratosis. In transmission attempts, inocu- 
lated animals showed an elevated tempera- 
ture only but no oral lesions and they con- 
cluded that they had not explained the eti- 
ology. It may be, as our work suggests, that 
a virus produces widespread infection but 
requires something else in addition to pro- 
duce ulcers regularly, yet, without doubt, 
in this ease the VD virus is of primary im- 
portance. It is interesting to note that the 
2 animals with hyperkeratosis that were 
inoculated both showed ulcers and died. 
Further investigation of this relatinoship 
between the two conditions might prove 
valuable. 

The relationship of virus concentrations 
to the clinical course of illness is interesting 
and of importance in making isolations of 
virus. It appears that after inoculation, 
viral multiplication begins and reaches a 
peak about four days after inoculation and 
then gradually decreases so that eight days 
after inoculation, and at the height of ill- 
ness, the blood contains only about ten in- 
fectious doses and the spleen 100 infectious 
doses per gram. When the temperature re- 
turns to normal, virus is no longer present 
in the blood. At this time, the diarrhea and 
oral lesions are at their height but attempts 
to isolate the virus might lead to failure. 

Identification of an unknown virus strain 
as ‘‘VD virus’’ is not possible, as yet, by 
serological means and reliance must be 
placed on cross-immunity tests in calves. 
In a test, calves known to be susceptible to 
VD virus and calves known to be immune 
must be available. The unknown virus must 
produce disease in the susceptible calves 
and fail to do so in the immunized animals 
and, for final confirmation, the calves that 
show response to the test virus should be- 
come immune to VD virus. 

In transfers of VD virus to laboratory 
animals, it was possible to infect rabbits 
and to transfer the virus serially in them. 
In rabbits, the virus showed progressive at- 
tenuation and after 75 transfers had so 
modified in virulence that it can be con- 
sidered fos immunization purposes should 
a need for a vaccine be shown. The recent 
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reports on mucosal disease and similar con- 
ditions in other parts of the United States 
that might be virus diarrhea indicate the 
need to make isolations of the infective 
agents involved in these conditions and to 
compare them with VD virus. If the in- 
fective agents all prove antigenically simi- 
lar to VD virus, vaccination to prevent 
losses might become economically desirable. 


SUMMARY 

Two strains of virus diarrhea (VD) 
virus were obtained from 2 cows. They 
proved antigenically related in cross-immu- 
nity tests. Inoculation of calves with this 
virus intravenously or intranasally pro- 
duced a diphasic thermal response, leuko- 
penia, general malaise in the second phase 
and diarrhea in about half the calves. Ex- 
cept in an occasional animal, oral lesions 
deseribed as typical of virus diarrhea were 
not seen in experimental calves. One fourth 
of the calves purchased from dairy farms 
proved to be immune when inoculated, in- 
dicating that the disease may be wide- 
spread. 

The greatest concentration of virus in the 
blood and in the spleen was found in the 
interphase, or four days after inoculation. 
Smaller amounts of virus were found dur- 
ing the periods of elevated temperatures 
and none ten days after inoculation when 
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the fever had subsided. Isolations of virus 
from field cases, therefore, should be at- 
tempted before the end of the second phase. 

Transfer of virus to rabbits was accom- 
plished. After serial passages in rabbits, 
the virus became modified. Inoculation of 
susceptible calves in the seventy-fifth trans- 
fer produced a slight decrease in leukocytes 
and a temperature elevation that lasted for 
one day only. This modified virus immu- 
nized against fully virulent virus. 
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Studies on Neoascaris Vitulorum 
lll. Further Observations on Inoculation of Calves with 
Notes on Prenatal Infection 


P. G. REFUERZO, D.V.M., and F. S. ALBIS-JIMENEZ, D.V.M. 


Manila, Philippine Islands 


PREVIOUSLY, in an experiment which pre- 
cluded the possibility of extraneous infee- 
tion, Refuerzo et a/.' fed infective eggs of 
Neoascaris vitulorum (Goeze, 1782) to a 
calf which, when killed after fourteen days, 
revealed the presence of larvae in the liver 
and lungs and the conspicuous absence of 
adult ascarids in the intestinal tract. The 
parasites from the lungs measured 522.0 p» 
by 21.6 » and, save for a slight increase 
in size, were morphologically indistinguish- 
able from Neoascaris larvae of the same age 
also obtained from the lungs of infected 
guinea pigs. Since that time, 20 ascarid- 
free calves (8 Jerseys, 2 Holstein-Friesians, 
and 10 Red Sindhis), 1 to 13 days old, had 
been inoculated to determine the prepatent 
period of the worm. This is a report of the 
results of experiments which were con- 
ducted along the same methods of approach 
as those disclosed in the first paper. Briefly, 
the method consisted of the oral administra- 
tion of a single dose of 5,000 infective eggs 
in capsules to each of these calves, putting 
them in individual stalls with provisions 
made to forestall reinfection. The feces of 
these animals were examined up to 120 days 
following their inoculation and the results 
are given in table 1. 

Due to its biological significance, the 
authors are also presenting an accumulated 
data of natural of neoascariasis 
among cattle, carabao (Bubalus bubalis 
Linn.), and Indian buffalo (Bubalus sp.) 
calves discovered within a few days post- 
partum. These cases were encountered in 
routine fecal examinations and treatments 


cases 
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of infected cattle in stock farms in the 
Philippine Islands since 1941. The calves 
began to pass unsegmented eggs of Neoas- 
caris in their dejecta when only 14 to 42 
days old. However, only animals that 
showed parasitism within thirty days of 
birth were selected as subjects for this 
study. To date, there are 35 such eases 
given in tables 2 and 3. 
DISCUSSION 

The feeding of 5,000 infective eggs to 
each of 20 calves resulted in ‘‘ negative’’ in- 
fection in the sense that no adult worms 
were produced in periods of 110 to 120 
days (table 1). Using big doses of infective 
eggs, Brumpt* and Herlich and Porter * 
also failed to establish infection in 3 ealves 
and 7 calves, respectively. The latter work- 
ers fed their animals with single or multiple 
doses of 1,000 to 108,000 eggs with negative 
results, but they sueceeded in producing 
prenatal infection in 1 of twin calves by 
feeding the dam 41,800 infective ova in 17 


TABLE 1—Results of Feeding Infective Neoas- 
caris Vitulorum Ova to Young Calves 


Results 
day Ss feces 
remained 


* 


Infective 
ova in 
inoculum 
(No.) 


Age when 
infected 
(days) 


negative 


(No.) 


4 About 5,000 
About 
About 
About 
About 
About! 
About 
About 
About ! 
About! 


5, 
5,000 
5, 
o, 
5. 
5 
5, 
5. 
5. 
About 5,000 
5, 
5, 
5. 
5. 
5. 
5 
5, 
5, 


000 
Ooo 
Ooo 
Ooo 
O00 
Oooo 


About 
About 
About! 
About! 


Ooo 
Ooo 
O00 
' About 5,000 
) About! 
131 j About! 
F. 1391 About 
5 About 


1 
1 
l 
000 1 
1 
1 
1 
1 
1 


* Feces examined every other day beginning one week 
after feeding the ova; R.S.—Red Sindhi; J. 
H.F.—Holstein-Friesian. 


Jersey ; 


(No.) 
R.S. 28 110 
R.S. 13 113 
R.S. 34 110 
R.S. 19 110 
R.S. 29 117 
R.S. 21 110 
R.S. 42 110 
R.S. 23 l 115 
: R.S. 26 10 
J. 43 16 
R.S. 84 4 10 
J.2 10 
J.1 20 
J.4 12 
10 
J.4 11 
4 é.1 10 
H.F 10 
H.F 13 «ee 
10 
1 
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doses from impregnation until parturition. 
This result is significant because it reveals 
one of the modes of infection with N. 
vitulorum. 


TABLE 2—Natural Cases of Neoascaris Among 

Cattle Calves Discovered Within a Few Days 

Postpartum at the Alabang Stock Farm, Rizal, 
Philippine Islands 


Age when 
Calf positive 
(No.) (days) 
R.S. 47 24 
R.S. 22 21 
R.S. 16 


Results, treatment, and 
remarks 


3 female, 2 male worms expelled 

2 males, 2 females voided 

2 females (1 immature), 3 
males voided 

4 females, 1 male expelled 

1 male, 2 females expelled 

1 male, 1 female expelled 

5 females, 3 males expelled 

4 females, in diarrheic stool 

Adult ascarids voided without 
deworming 

Feces positive for eggs 12-28 
46; died 1-2-47, many 
ascarids in intestine 

2 females, 1 male voided 

1 female, 1 immature maie 
voided 

Worms in diarrheic stool 

3 females, 1 male voided 

1 female, 2 males voided 

2 males, 1 female expelled 

Adult worms in stool. 

1 female worm voided 


R.S.—Red Sindhi; G.—Grade 


R.S. 27 
R.S. 18 
R.S. 49 
R.S. 57 
R.S. 8-6 
R.S. 8-32 


Nellore S-5 


to to & to 


Perusal of tables 2 and 3 shows that 
within fourteen to thirty days of birth eat- 
tle, carabao, and Indian buffalo calves 
voided eggs of the ascarid in their stools 
and treatment resulted in the expulsion of 
the worms. The prepatent period or the 
complete development of this helminth in 
its definitive host is still unknown, and the 
early appearance of eggs in the calves’ de- 
jecta suggests either (1) an exceedingly 
rapid growth of NV. vitulorum inside its host 
(granting that the calves ingested infective 
eggs immediately after birth) or (2) an 
antepartum development of the parasites 
which the calves acquired im utero. The 
first supposition is hardly tenable because 
no known member of the family Asearidi- 
dae, occurring in livestock, has ever been 
known to attain sexual maturity within this 
length of time (14 to 30 days). Further- 
more, it was found that fourteen days after 
the oral administration of infective ova to 
a calf the parasites were only in their larval 
stages in the liver and lungs and no mature 
ascarids were seen in the intestinal tract.’ 
This worm evidently can not become ovig- 
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erous and lay eggs within fourteen days, 
and it is unlikely that it can attain this 
stage within 30 days, judging from its mi- 
nute size (522 » by 21.6 ») or growth after 
fourteen days of infection. 

The life cycle of this nematode has been assumed 
by Monnig,‘ by Morgan and Hawkins,° by May- 
hew,® by Schwartz," and by others, to be similar to 
that of Ascaris lumbricoides which has a prepatent 
period of eight to nine weeks although Martin“ 
found it to mature a little earlier (49 days). 

In view of the above, it would not be easy to ex- 
plain the early appearance of eggs in the stools of 
the 35 naturally infected calves unless it is ascribed 
to an infection, or to an antepartum development 
of the parasites, which the calves acquired before 
birth. Prenatal infection was suggested by Bou 
lenger,® Griffiths,” Macfie,° Schwartz," Sprent,” 
Vaidyanathan,” and Keith,“ and this mode of 
transmission was proved experimentally by Herlich 
and Porter* who established prenatal infection in 
1 of twin calves by feeding the dam with huge 
doses of infective ova. 

Basing their contention on their, and 
other investigators’,?* consistent failure to 
produce infection with adult worms in sev- 
eral calves by the oral administration of 
big doses of infective ova, and on the fre- 
quency with which congenital neoascariasis 
is met with in certain areas in the Philip- 
pine Islands, the authors are inclined to be- 
lieve that prenatal infection is the usual 
mode of spread in N. vitulorum, as sug- 


TABLE 3—Natural Cases of Neoascariasis 
Among Carabao and Indian Buffalo Calves Dis- 
covered Within a Few Days Postpartum at the 
Swiss Dairy Farm, and at the Alabang Stock 
Farm, Rizal, Philippine Islands 
Age when 
positive 
(days) 


Oalf 
(No.) 


Results, treatment, and 
remarks 


Carabao 94 29 4 female, 3 male worms expelled 
on treatment 

2 females, 2 males voided 

1 female, 2 males expelled 

1 female, 2 males expelled 

4 females, 1 male expelled 

1 female, 3 males expelled 

1 female, 1 male expelled 

Heavily parasitized, passed balls 
of dead worms (134 females, 
44 males) ; died 11-5-42 

1 female voided 

3 females, 2 males expelled 

5 females, 7 males expelled 

3 females, 6 males voided, feces 
still positive 12-21-42 

2 females, 2 males (1 imma- 
ture) expelled 

1 female, 1 male voided 

3 females, 7 males expelled 

Passed several worms in dejecta 
without treatment 

5 females, 2 males expelled 


Carabao 95 
Carabao 13 
Carabao 10 
Carabao 4 

Carabao 25 
Carabao 39 
Carabao 44 


Carabao 101 
Carabao 9 
Carabao 102 
Carabao 41 


to bo 


Carabao 36 
Carabao 18 
Carabao 27 
Buffalo 16 


Buffalo 90 


|| 
21 
14 
24 
24 
19 
29 
R.S. 8-1 30 
R.S. 8-33 
R.S. 8-18 
G. 8-10 
G. 8-3 
G. 31 
G. 24 
G. 22 
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gested earlier br Sprent.*® However, they 
are of the opin’ that postnatal infection 
also occurs because calves previously 
treated will again become infected (Mon- 
nig, personal communication). Moreover, 
the occasional find’-*s in the Philippine 
Islands by the seni. «thor of very light 
infections with ovi,,. Neoasearis in 
adult cattle, which were previously free 
from this parasite, lend further support to 
this latter view. 

liow prenatal neoaseariasis is bruoght about is 
According to Sprent,” the larvae 
?? exhibit 
two kinds of migratory behavior inside their hosts, 


iS 


still conjectural. 
of certain species of ‘‘ascaris parasites 
namely, tracheal and somatic, depending on the 
route of larval migration following the ingestion 
of infective eggs. He found that Toxocara 
of dogs follows a somatie type of migration in 
white mice and suggested that N. vitulorum may 
exhibit a similar migratory behavior. He thinks 
that ‘‘with both these parasites prenatal infection 
appears to be the usual mode of spread. If 
exclusively somatic type of migration occurred in 
the definitive host, as was observed the mouse 
infeeted with 7. canis, larvae would not reach the 
intestinal lumen of the animal ingesting the eggs 
but would, among other tissues, be distributed to 
the placenta, whence they could reach the fetal 
liver and lungs. In this’ way, prenatal infection 
would become the only mode of infection.’’ 

Do the larvae of this ascarid follow the somatie, 


Canis 


an 


in 


the tracheal, or both types of migration inside the 
host? The results of the feeding experiments of 
Brumpt,” of Schwartz,” of Herlich,” and of Refu 
erzo et al.’ involving unnatural and natural hosts 
at least that the larvae follow the lung 
journey or the tracheal type of migration. On the 
other hand, it would be difficult to explain prena 
tal infection without attributing it to the somatic 
migration of the larvae. Further studies along 
this line are necessary in order to clear this point. 


show 


SUMMARY 


Twenty calves representing three breeds 
of various ages from 1 to 13 days old were 
each fed a single dose of 5,000 infective 


Neoasearis ova with ‘‘negative’’ results. 
No eggs of the ascarid were found in the 
feces of these animals up to 120 days. 
Thirty-five cases of neoascariasis among 


Correction 

With reference to ‘‘Studies on Neoascaris Vitu- 
lorum. II. The Resistance of the Ova to Certain 
Chemical Agents and Physical Factors Under 
Tropical Conditions’’ by Doctors P. G. Refuerzo 
and F. 8. Albis-Jimenez, published in the July 
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cattle, carabao (Bubalus bubalis Linn.), 
and Indian buffalo (Bubalus sp.) calves 
discovered within fourteen to thirty days 
after birth are presented. The early ap- 
pearance of eggs or of ovigerous worms in 
these calves is attributed to prenatal in- 
fection which is believed to be the usual, 
but not the only, mode of transmission in 
Neoascaris vitulorum. The mechanism of 
prenatal infection as well as the migratory 
behavior of the larvae of this ascarid in 
its host are discussed. 
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Disturbances in Acid-Base Balance and Electrolyte in 


Calf Diarrhea and Their Treatment 
A Report of Eighteen Cases 


B. J. McSHERRY, D.V.M., and I. GRINYER 


Guelph, Ontario 


DIARRHEA, a common ailment of young 
calves, causes many deaths. For this rea- 
son, it is of importance both to the livestock 
industry and to the veterinary profession. 
Treatment is mainly directed toward iden- 
tifying and subsequently eliminating the 
causative organisms with the use of anti- 
hiotics and chemotherapeutic agents. Many 
animals fail to respond to this treatment, in 
some cases because of increased resistance 
of the pathogens to these agents. However, 
in other instances this is not the reason. It 
is apparent, therefore, that a more search- 
ing approach to therapy must be consid- 
ered. Perhaps the focus of attention should 
be diverted from the obvious symptoms to 
the changes produced on the body as a 
whole. To understand the changes, a know]l- 
edge of the physiological disturbances oce- 
curring in this condition is necessary. 
Disturbances in electrolyte and in acid-base bal 
ance are seen in many pathological conditions and 
it is to be expected that appreciable changes would 
occur in diarrhea where there is loss of water and 
electrolyte in the feces. Blaxter and Wood* have 
recently shown that in calf diarrhea there is an in 
crease in weight of feces up to 40 per cent which is 
due mainly to increased excretion of water; this is 
accompanied by considerable loss of calcium, mag 
nesium, phosphorus, sodium, and potassium. Ex- 
tensive loss of intracellular potassium in infant 
diarrhea has been reported by Darrow.‘ Darrow 
et al.’ contend that loss of intracellular potassium 
is accompanied by the cellular entrance of sodium, 
either during dehydration due to diarrhea or dur- 
ing the treatment phase if potassium is not in- 
cluded in repair solutions. Gamble * points out that 
chloride and sodium are particularly exposed to 
loss in diarrheal stools as they are components of 
the gastrointestinal secretions. Bland? states that 
infants have relatively more water in their bodies 
than adults, the greater proportion of it being in 
the extracellular fluid, and that electrolyte deficits 
will occur about seven times more readily in a child 
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than in an adult. Hand and Leininger” state that 
a 7-kg. infant has 1,400 ec. of extracellular fluid 
and the daily intake and output is 700 ce., or 50 
per cent of his reservoir. This is compared to an 
adult with 14,000 ee. of extracellular fluid and a 
daily water exchange of 2,000 ec., or 14 per cent of 
Thus, the susceptibility of a young 
animal to rapid dehydration is much greater than 
that of an adult. 

It is not within the scope of this paper to 
discuss in detail the chemistry of acid-base 
balance and of body electrolyte; however, 
some of the more pertinent facts of impor- 
tance to this study are outlined. 

The bicarbonate-carboniec acid system is 
one of the most important buffer systems in 
the body, and changes in this system reflect 
changes of the acid-base balance of the 
body as a whole. Retention of acids or 
bases is reflected by a change in the serum 
bicarbonate content. The bicarbonate sys- 
tem is a mixture of carbonic acid (H.CQO,) 
and bicarbonate (BHCO,), the base being 
mainly sodium or potassium. This supply 
of base which is available to neutralize 
acids is termed the ‘‘alkali reserve.’’ The 
total amount of carbon dioxide present as 
carbonic acid and bicarbonate is readily 
measured by gas analysis. Normally, the 
ratio of carbonic acid to bicarbonate is 
1:20 and most pathological changes in acid 
base can be considered from the standpoint 
of changes in this ratio. If the pH of the 
serum is known, the carbonic acid-bicar- 
bonate ratio can be determined by use 
of the Henderson-Hasselbalech equation 


(BHCO,)\ 
(pn == 6.1 + log Thus, at a 
pH of 7.4 the ratio is 1:20, at a pH of 7.2 
it is 1:12, while at a pH of 7.1 it declines 
to 1:10. It is difficult to set a definite pH 
below which a condition of acidosis may be 
said to prevail in the body. However, it ean 
be said that an apparent uncompensated 
acidosis is present if the pH is lower than 
7.3. Cantarow and Trumper® mention that, 
clinically, the most common cause of acido- 
sis is a primary alkali deficit which may 


his reservoir. 
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occur when there is excessive loss of base 
from the body. Sodium forms nine tenths 
of the base in the extracellular fluid while 
potassium is the main base in the intracellu- 
lar fluid. Chlorides form two thirds of the 
anions in the extracellular fluid and to- 
gether with bicarbonate ion constitute 85 
per cent of the anions in this portion. So- 
dium is normally present in the cells in 
small concentrations but, under abnormal 
conditions, may enter the cells in increased 
amounts, replacing potassium. When this 
occurs, the potassium leaves the cells and 
enters the serum and, if renal function is 
normal, the excess is excreted in the urine. 
While this is taking place it is possible, as 
Darrow has shown, to have high serum 
potassium levels even though there is an 
over-all deficiency of potassium in the body. 

In dehydration due to diarrhea or other 
causes, it is considered imperative to re- 
place the lost fluid with parenterally ad- 
ministered solutions. The sole use of 0.9 per 
cent sodium chloride for this purpose is not 
without danger as it contains an excess of 
chloride ions and is lacking in other ions 
usually depleted in such conditions. Fox 
et al.® have shown that the administration 
of 0.9 per cent sodium chloride to dogs re- 
quiring fluid therapy produced a decrease 
in serum potassium levels. They suggest 
using a balanced electrolyte solution ap- 
proximating normal serum values with the 
exception of potassium and _ bicarbonate 
which are doubled in amount. The bicar- 
bonate ion is provided in the form of rap- 
idly metabolized precursors, acetate, and 
citrate. Mudge et al.’* have shown that so- 
dium acetate when used as a source of fixed 
base in dogs and man rapidly increases the 
plasma carbon dioxide content. 


TABLE 1—Chemical Composition of Balanced 
Electrolyte Solution 


Milliequivalents 


or liter 
Grams pe 


per liter Na K Ca 
NaCl 

CaCle 
MgCl,.6H,O 
NaC.H;023 
(Sodium acetate) 
KO2H302 
(Potassium acetate) 1. 10 

H,O 

(Sodium citrate ) . = 
Total 140 103 10 5 3 


5.5 95 
3 
3 


Sodium citrate can be omitted if the sodium acetate is 
increased to 6.1 Gm. 
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The purpose of this present study is two- 
fold—tfirst to observe and record changes in 
the acid-base level and electrolyte in the 
serums of calves with diarrhea; second, to 


TABLE 2—A Comparison of the Constituents 
of Calf Serum, 0.9 per Cent NaCl and Balanced 
Electrolyte Solution 

Milliequivalents per liter 
K Ca Mg HCO; 
Calf serum 
0.9 % NaCl 
Balanced electrolyte 
solution 


observe the effect of a parenterally ad- 
ministered electrolyte solution on these 


changes. 


MATERIALS AND METHODS 


The method of collecting the blood samples and 
the technique of serum analysis used in this study 
are the same as those described by the authors ™* in 
a previous paper. In addition, blood sugar Jevels 
and hematocrit values were included in the present 
study. Blood sugar was measured on 0.05 ee. of 
whole blood using the method described by King.” 
The hematocrit values were obtained by the use of 
the Wintrobe hematocrit tube centrifuged at 2,500 
r.p.m. for one-half hour. In preparation for the 
present study, blood sugar levels were determined 
on 20 normal calves between the ages of 4 days to 
10 weeks. The results showed the mean to be 76.8 
mg. per hundred cubic centimeters with a standard 
deviation of plus-minus 12.8 mg. 

The animals selected for the present study were 
calves, available to the college clinic, showing elin 
ical evidence of diarrhea. Many had been treated 
previously either by veterinarians or by the owners. 
Where possible, successive samples were taken until 
the animal either recovered or died. 

A balanced electrolyte solution was prepared and 
used for parenteral therapy during this study. 
Table 1 shows the chemicals used in preparing this 
solution and indicates the ions obtained from each. 
Table 2 compares this solution with calf serum and 
0.9 per cent sodium chloride. 

Originally, it was planned to give the solution 
intravenously and a portion of the bicarbonate ion 
precursor was added as citrate which by also acting 
as an anticoagulant would help to prevent clotting 
in the needle. However, in practice the solution 
was given intraperitoneally thus obviating the 
necessity of the citrate. This is obviously the route 
of choice for administering the solution where 
speed and ease of handling is a consideration. 

It is possible to caleulate from the weight of the 
patient and the bicarbonate level of the serum the 
approximate volume of the solution required to re- 
pair the electrolyte deficit.” Fox et al.® have used 
50 to 150 ce. per kilogram of body weight of a 
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similar solution to restore normal hydration and 
electrolyte values in pediatric patients. In the 
present study, the volume of electrolyte solution 
given was varied according to the clinical appear 
ance of the animal. 


CASE HISTORIES 

Cases 1, 2, and 3, were Shorthorn calves, 28 days 
old, in a well-cared-for herd; diarrhea had been 
present for less than eight hours when the Ambu 
latory Clinie of the Ontario Veterinary College was 
consulted. The calves were bright, active, and able 
to eat, but all had elevated temperatures and 
voluminous yellow stools. Antibiotic therapy was 
given immediately and on day 2* the feces were 
normal. 

Case 4 was a Jersey calf, 11 days old, on a farm 

where sanitation was poor and diarrhea common; 
diarrhea was evident at least one day before the 
first blood sample was taken. On day 1, the animal 
was dull and lethargic but able to walk and feed; 
on day 2, the diarrhea had moderated, and on day 
6 the animal was elinically normal. 
5, a Jersey calf 11 days old, was kept in 
the same pen as case 4. Diarrhea had been evident 
for two days. On day 1, the animal was weak and 
incoordinate but able to walk and feed; on day 2, 
the diarrhea and physical condition was worse; on 
day 6, the feces were firm and the calf was ¢lini 
cally normal. 


Case 


Case 6, a Jersey ealf 11 days old, was kept in 
the same pen as cases 4 and 5. The animal had 
had diarrhea several days previous to day 1, but 
at no time during the study was diarrhea present. 
Cases 4, 5, and 6 were treated by the owner with 
chemotherapeutic agents supplied by a veterinarian. 

Case 7, a Jersey calf 10 days old, was kept on a 
farm where calves were raised for veal. Diarrhea 
was endemic and losses in the past two years were 
over 50 per cent. Sanitary conditions were appall 
ing. All forms of treatment had failed to affect 
the course of the disease on previous cases and this 
animal remained untreated. Watery diarrhea had 
been evident for three to four days. On day 1, it 
was weak but able to nurse; on day 7, the clinical 
condition was normal. 

Case 8, a Holstein-Friesian calf 14 days old, was 
admitted to the clinic with a moderate diarrhea 
which had not responded adequately to several 
days of treatment by a veterinarian. On day 1, the 
animal was weak and remained on its feet with 
difficulty. One liter of electrolyte solution was ad 
ministered intraperitoneally; on day 2, the animal 
had recovered sufficiently to be discharged. 

Case 9 was a Holstein-Friesian calf 10 days old. 
On day 1, the animal was dull and lethargic, and 
diarrhea was profuse; on day 2, the animal was un 
able to rise. Diarrhea was less evident on day 3, 
and on day 4, the feces were normal and the elini 
cal appearance much improved. Antibiotic therapy 


* In the case histories, day 1 refers to the day the first 
blood sample was taken. Subsequent days are measured 
in 24-hour periods from this time 
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was started twenty-four hours before day 1 and 
was repeated on days 1, 2, and 3. 

Case 10, a Holstein-Friesian calf 25 days old, 
had had diarrhea for three days previous to ad- 
mittance to the clinic. The animal was depressed, 
with evidence of early pneumonia and moderate 
diarrhea. One liter of electrolyte solution was ad 
ministered on day 1 and two liters on day 2. Peni 
cillin was given on days 2 and 3. On day 2, diar 
rhea was less evident; on day 4 the feces were 
almost normal. 

Case 11, a Shorthorn calf 8 days old, had had 
diarrhea for an undetermined time prior to ad 
mittance to the clinic. Antibiotic therapy given by 
a practicing veterinarian had failed to relieve the 
condition. The calf was comatose, with a cold 
clammy mouth, shallow breathing, and glazed 
sunken eyes. Two liters of electrolyte solution were 
administered on day 1. On the morning of day 2 
the animal was bright, able to walk, and drank 
milk eagerly; the temperature was 102.5 F.; the 
feces were soft but not diarrheic. Two liters of 
electrolyte solution were administered on day 2. 
Recovery was uneventful. An interesting feature 
was the calf’s craving for the electrolyte solution. 
It would not drink tap water and preferred the 
electrolyte solution to milk, licking the container 
long after it was empty. 

Case 12, a Jersey calf 10 days old, was kept in 
the same pen as case 7. Profuse watery diarrhea 
was first evident on day 1, and though moderating, 
was still present on day 4. The calf was weak and 
ineoordinate but was able to walk and feed. It was 
given 500 ce. of electrolyte solution on day 4 and 
again on day 5. On day 6, the clinical condition 
had improved, the animal was stronger, and the 
feces almost normal. 

Case 13, a Shorthorn calf 28 days old, was kept 
on the same farm as cases 1 to 3. Diarrhea had 
been present for five days, and the animal was 
weak and unable to rise on day 1. On the day 
prior to this, it was not possible to get a blood 
sample as the jugular vein could not be raised. On 
day 2, the animal was able to stand and nurse but 
was extremely weak; on day 3, it could walk but 
was incoordinate. When the fina! sample was taken 
on day 10, the clinical condition was normal, Arti 
biotic therapy was given throughout the eourse of 
the disease. 

Case 14, a Jersey calf 7 days old, was kept in 
the same pen as case 7, On day 1, watery diarrhea 
was evident, the clinical condition was fair, and 
the animal was able to feed. On day 6, the diar 
rhea was more severe, and the feces were blood 
stained; 500 ee. of electrolye solution was given. 
On day 7, the animal, while able to stand, was very 
weak, and diarrhea was profuse. At this time it 
was transported to the clinic. Between days 7 and 
10, 4% liters of electrolyte solution and 3 Gm. of 
streptomycin were given. There was progressive 
improvement until on day 10 the animal appeared 
normal. On day 15, hematological studies showed 
the animal to be anemie. 
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15, a Shorthorn ealf 21 days old, was ad- 
mitted to the clinic in a moribund state. Two weeks 
previously diarrhea responded to treatment with 
streptomycin but recurred when this therapy was 
discontinued. On day 1, the temperature was 97 F., 
the mouth was cold and clammy, and the animal 
was comatose. Two and one-half liters of electro- 
lyte solution containing 5 per cent glucose was ad 
ministered. 2, milk was given by stomach 


Case 


On day 2, 
tube and 1.5 liters of the electrolyte solution con 
taining 5 per cent glucose was administered. On 
the evening of day 3, the animal was much 
stronger, drank eagerly from a bottle, and the 
temperature was 102 F. On the morning of day 4, 
it was again in a coma and died one-half hour 
after the last sample was taken. 

Case i6, a Jersey calf 14 days old, was kept in 
the same pen as case 7. Diarrhea had been evident 
for several days. The animal was in such a deep 
coma that the owner thought it had been dead for 
several hours. However slight breathing could be 
detected, and no difficulty was encountered in get 
ting blood to flow from the jugular vein. The ani 
mal died one-half hour later. 

Case 17, a Shorthorn calf 20 days old, was ad- 
mitted to the clinic in a moribund state following 
three days of severe diarrhea; antibiotic therapy 
had failed to alleviate the condition. Three liters 
of electrolyte solution was administered, but the 
animal died during the night of day 1. 

Case 18, a Holstein-Friesian heifer 3 months old, 
was admitted to the clinie after eight days of diar- 
rhea; it was weak and dehydrated. Samples were 
taken on day 1 following which 6 per cent dextrose 
in normal was given intravenously. This 
treatment was repeated on day 2. When samples 
were taken on day 3, saline and dextrose had not 
been administered for twenty-four hours. Two 
liters of electrolyte solution were given on day 3. 
The animal died during the night of day 3. 


saline 


RESULTS 

Table 3 outlines in detail the results of 
analysis in the 18 cases. 

Salient Findings.—In eases 1, 2, and 3, 
the serum potassiums and sodiums were 
elevated despite the short duration of the 
disease. 

In case 4, the serum bicarbonate was low 
while diarrhea was evident. Serum chlo- 
ride was elevated and sodium was subnor- 
mal in the course of the disease. Following 
recovery, the serum bicarbonate rose above 
normal. 

In case 5, the same trend as in case 4 was 
evident. However, the serum bicarbonate 
was lower, and at one period the pH was 
below normal. This is in keeping with the 
clinical findings which were more severe. 
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In case 6, the serum bicarbonate was 
elevated as in eases 4 and 5 following 
recovery. 

In case 7, the serum bicarbonate and 
chloride were subnormal and the potassium 
was in the low normal range while the diar- 
rhea was evident. During this time, serum 
sodium was elevated. All values were 
within the normal range following clinical 
recovery. 

In case 8, the serum bicarbonate was 
moderately low and the serum potassium 
markedly low before treatment. Both were 
approaching normal within twenty-four 
hours of treatment. 

In case 9, the electrolyte changes closely 
paralleled the clinical condition. The se- 
rum bicarbonate, chloride, and calcium 
were low, and serum potassium was high 
when symptoms were severe, returning to 
normal as the clinical condition improved. 

In case 10, the serum bicarbonate, eal- 
cium, and potassium were low prior to 
treatment. Within twenty-four hours of 


treatment, all were returning to normal. 

In ease 11, the serum bicarbonate, cal- 
cium, and sodium were subnormal and the 
serum potassium and inorganie phosphorus 


(12.5 mg./100 ee.) were increased when the 
clinical condition was severe. Within forty- 
eight hours of treatment with the repair 
solution, the electrolyte pattern and elini- 
eal condition were normal. 

In case 12, the serum electrolyte was nor- 
mal on the first day diarrhea was evident. 
Three days later, the serum bicarbonate 
and pH were subnormal and the serum so- 
dium and potassium elevated. The serum 
sodium remained elevated following treat- 
ment with electrolyte solution the others 
returning to normal. 

In case 13, the serum bicarbonate and 
pH were subnormal while the animal was 
clinically ill. The serum potassium became 
subnormal in the later stages of the disease. 
Low serum chlorides were present follow- 
ing clinical recovery. 

In ease 14, the changes in electrolyte fol- 
lowed a rather definite pattern. The serum 
bicarbonate and pH became progressively 
lower while diarrhea was evident, return- 
ing slowly to normal as the clinical condi- 
tion improved. The serum sodium was ele- 
vated early in the disease but fell sharply 
at the midpoint. At this point the serum 
chlorides, which had been high from the 
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TABLE 3—Blood Chemical Values and Hematocrit Levels in 18 Cases of Calf Diarrhea 


Vol. 
packed 
red cells 

(%) 


Cl Na Sugar (Hematocrit) 


Milliequivalents per liter Mg./100 ce. 


Normal 

values 3 142 5. 5. 76 
Case 

(No.) Day* 


‘ 
‘. 
‘. 
‘ 


= 
aA 1S 
OC 


o 


Dio 


“Nt 


to 


3. 5.6 450 45 

* Day 1 refers to the first day on which samples were taken for analysis and the succeeding days rep 
resent 24-hr. periods from this time. 

Inorganic phosphorus values were normal in all cases with the exception of 11 and 18 where they were 
elevated as mentioned in the text. 

d—Calf died. 


l 1 50 32.2 99 158 6.4 4.7 72 32 
2 50 80.5 100 154 6.9 4.8 134 31 
Z 2 1 40 31.5 104 152 7.2 5.1 127 37 
3 1 42 34.5 107 159 7.2 5.1 103 32 
4 1 35 22.0 116 151 5.5 5.6 72 31 
2 35 22.7 106 132 5.1 5.6 88 29 
6 .50 36.7 101 136 5.0 5.3 134 29 
8 34.9 99 151 6.5 4.8 152 30 
5 1 30 17.8 113 145 5.8 5.6 70 26 
2 27 15.7 109 152 5.8 5.4 127 29 
6 50 37.3 102 137 4.8 5.3 95 27 
8 50 35.8 104 145 5.5 5.0 228 24 
6 1 45 37.0 100 152 5.4 5.2 99 22 
5 42 33.3 102 150 4.7 5.0 134 30 
7 47 33.0 103 149 5.5 4.4 163 25 
7 1 40 22.7 92 166 4.5 5.7 33 29 
7 45 31.3 103 144 4.8 5.0 114 21 
8 1 40 23.0 98 149 3.7 4.8 58 44 
2 47 29.0 100 151 4.4 4.8 aes 40 
i) 1 med 2 27.6 87 139 6.9 4.4 91 42 
2 30 22.3 84 144 9.0 2 84 43 
3 32 22.7 91 139 ce 7 86 34 
4 32 24.8 100 140 7.3 8 79 32 
10 1 3 0 76 25 
2 63 24 
3 3 65 19 
4 9 3 51 19 \ 
11 1 114 
109 
12 1 120 36 
4 84 30 
5 120 28 
6 124 28 
13 1 , 87 27 
2 87 29 
4 114 26 
10 106 24 
14 1 , 95 27 
2 134 29 
5 3 29.0 106 160 6.4 6 R4 29 
6 05 10.6 105 160 6.0 0 114 2R 
7 0 8.1 106 139 5.6 0 126 28 
8 .0 9.2 116 119 6.4 6 60 22 
9 .20 11.2 116 138 5.0 5 81 21 
9.5 27 12.1 113 142 5.7 6 84 20 
10 27 14.5 102 157 4.6 8 100 20 
12 5 18.0 103 145 5.3 1 87 17 
13 0 22.8 103 144 4.4 LO 88 17 
15 0 30.5 101 137 4.8 .6 91 16 
15d 1 12.2 104 148 5.2 LO 33 29 
2 31.4 109 146 5.2 4 228 33 
3 27.9 106 154 4.8 6 35 28 
4 82.8 103 154 5.4 7) <10 25 
16d 1 15.7 100 131 4.5 5.0 <10 31 
17d 1 < Bo 4.65 124 162 6.8 5.3 82 te 
18d 1 32 21.7 92 173 3.8 5.8 hoo ives 
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beginning, rose markedly. The serum po- 
tassium was high in the early stages becom- 
ing subnormal later. 

In ease 15, the serum bicarbonate, pH, 
and whole blood sugar were all low on ad- 
mittanee but rapidly returned to normal 
after treatment with electrolyte solution 
containing glucose. Despite the definite 
clinical improvement and the return of ap- 
petite, the blood sugar dropped and was 
less than 10 mg. per 100 ee. just prior to 
death. 

In case 16, the serum bicarbonate, so- 
dium, and pH were low and, as in ease 15, 
the blood sugar was less that 10 mg. per 
100 ee. 

In case 17, the state of electrolyte and 
pH differed from the previous cases chiefly 
in the magnitude of the deficit of bicarbo- 
nate and sodium and the very low pH. 

In case 18, the serum bicarbonate, pH, 
chlorides, and potassium were low and the 
sodium elevated on admittance. These 
changes were accentuated on day 3, and at 
this time inorganic phosphorus (15 mg., 
100 and blood sugar levels were 
elevated. 


DISCUSSION 


The most constant finding in the 18 cases 
was the decrease in the serum bicarbonate 
levels accompanied by a lowering of the se- 
rum pH. In 8 of the cases the pH was be- 
low 7.3 at some stage of the disease and a 
condition of uncompensated acidosis pre- 
vailed. Compensation in most cases was 
maintained until the bicarbonate declined 
to the region of 20 mEq. per liter. Presum- 
ably the acidosis is due either to excess for- 
mation and retention of acids or to the 
loss of base. Many workers in the human 
field *:*:*:**° consider that the metabolic 
acidosis accompanying diarrhea is due 
mainly to loss of base. In a series of 6 cases 
of diarrhea studied by Darrow,* the serum 
sodium values were all below normal. In 
the studies on calves reported here, the se- 
rum sodium levels were not uniformly al- 
tered but increased greatly in some cases 
and decreased in others. The low sodium is 
to be expected if this element is lost in 
quantity from the body during the course 
of the disease, but the increase is more diffi- 
cult to explain. Darrow and Pratt,’ in dis- 
cussing infantile diarrhea, state that there 
is considerable variation in the absolute 
and relative losses of sodium, potassium, 
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and chloride as the serums may be hypo- 
tonic or hypertonic and that the low con- 
centration of bicarbonate in infant diar- 
rhea indicates relative deficiency of sodium 
in extracellular fluids. 

A feature of the cases studied is the var- 
iation from normal in the serum potassium 
levels, these being increased in many in- 
stances and decreased in others. In the 
present study, it would appear that in most 
instances the high potassium levels repre- 
sent potassium leaving the cells in the early 
stages of the disease while the low levels 
indicate the end result of this process. Har- 
rison '' states that one of the most common 
clinical signs of cellular potassium deficit is 
weakness and stupor and it is noteworthy 
that these were prominent symptoms in the 
cases presented in the present paper. Dar- 
row * mentions finding levels of potassium 
as high as 10 to 12 mEq. per liter in mori- 
bund diarrheic patients and this corre- 
sponds to the findings in case 8. 

The variation of serum chlorides from 
normal was considerable in some of the 
cases. It is known that prolonged loss of 
chloride in body excretions will lead to hy- 
pochloremia. Also, it is an aecepted fact 
that in acidosis when the bicarbonate falls 
the chlorides tend to rise to compensate for 
this. In the calves, the low chlorides are 
probably due to excessive loss, the high 
chlorides to the compensatory mechanism. 

In many of the calves, the calcium levels 
were in the low normal range, while in 3 
(eases 9, 10, 11) the values were subnor- 
mal. The explanation for this is possibly 
the excessive loss of this ion in the feces. 

The glucose levels are of interest in that 
in at least 3 cases (7, 15, 16) they were be- 
low normal, and in 2 of these (15, 16) glu- 
cose was less than 10 mg. per 100 ee. In 
some of the other cases, high sugar levels 
were present following recovery. 

Since the hematocrit levels were deter- 
mined on successive days, they give an in- 
dication of the extent of dehydration. In 
some but not all cases, the hematocrit levels 
declined as the clinical condition improved. 


SUMMARY 


Serum pH, bicarbonate, chloride, so- 
dium, calcium, potassium, phosphorus, and 
whole blood sugar levels are determined in 
18 calves with diarrhea and compared with 
the normal values. Some of these calves 
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were treated with a balanced electrolyte 
solution given intraperitoneally. 

The findings indicate that in most cases 
a metabolic acidosis is present, varying 
from moderate to severe. Concomitant with 
the acidosis, variations are observed in the 
serum chloride, sodium, calcium, and po- 
tassium levels. 

The significance of these findings is dis- 
cussed. It is shown that by use of a bal- 
anced electrolyte solution many of the ab- 
normalities can be corrected. In many in- 
stances, the early use of antibiotics and 
chemotherapeutic agents, by controlling the 
diarrhea, prevents electrolyte changes from 
becoming extreme. It is known that in di- 
arrhea there may be changes in the intra- 
cellular as well as the extracellular elec- 
trolyte pattern and for this reason it is 
inadvisable to use solutions for parenteral 
injection containing only extracellular ions. 
Potassium in particular should be included 
in solutions used for this purpose. 

The treatment of calf diarrhea with anti- 
biotics and chemotherapeutic agents alone 
is apt to give disappointing results if the 
above mentioned changes are extensive. 
Variations from normal in acid-base bal- 


ance and body electrolytes should be antic- 
ipated and treated before the changes be- 


come irreversible. Adverse effects were not 
noticed following the administration of the 
balanced solution but overhydration is a 
factor that must be considered. Further 
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work involving either the fluid used in this 
study or other replacement solutions is 
indicated. 


References 


1 Bland, J. H.: The Clinical Use of Fluid and Electro 
lyte. The W. B. Saunders Co., Philadelphia. 1952. 

2? Blaxter, K. L., and Wood, W. A.: Some Observations 
on the Biochemical and Physiological Events Associated 
with Diarrhea in Calves. Vet. Rec., 65, (1953): 889-892. 

3 Cantarow, A., and Trumper, M.: Clinical Biochemis 
try. 4th ed. W. B. Saunders Co., Philadelphia. 1950. 

* Darrow, D. C.: The Retention of Electrolyte During 
Recovery from Severe Dehydration Due to Diarrhea. J. 
Pediat., 28, (1946): 515-540. 

5 Darrow, D. C.: Disturbances of Electrolyte Metabo 
lism in Man and their Management. Bull. New York 
Acad. Med., 24, (1947): 147-165. 

* Darrow, D. C., Pratt, E. L., Flett, J., Gamble, A., 
and Wiese, H.: Disturbances of Water and Electrolyte 
in Infantile Diarrhea. Pediatrics, 3, (1949): 129-156. 

™ Darrow, D. C., and Pratt, E. L.: Fluid Therapy, Re 
lation to Tissue Composition and the Expenditure of Wa- 
ter and Electrolyte. J. Am. M. A., 143, (1950): 365-375. 

5 Fox, C. L., Winfield, J. M., Slobody, L. B., Swindler, 
C. M., and Lattimer, J. K.: Electrolyte Solution Approx- 
imating Plasma Concentrations with Increased Potassium 
for Routine Fluid and Electrolyte Replacement. J. Am 
M. A., 148, (1952) : 827-833. 

Gamble, J. L.: Deficits in Diarrhea. J 
(1947): 488-494. 

Hand, A. M., and Leininger, C. R Parenteral 
Fluid Therapy in Children. M. Clin. of North America, 
34, (1950): 53-70. 

" Harrison, T. R.: Principles of Internal 
The Blakiston Co., Philadelphia, (1951): 316. 

12 King, E. J.: Microanalysis in Medical Biochemistry 
2nd ed. J. A. Churchill Ltd., London, (1951): 23. 

% McSherry, B. J., and Grinyer, 1.: The pH Values 
Carbon Dioxide Content, and the Levels of Sodium, 
Potassium, Calcium, Chloride, and Inorganic Phosphorus 
in the Blood Serum of Normal Cattle. Am. J. Vet. Res., 
15, (1954): 509-510. 

4 Mudge, G. H., Manning, J. A., and Gilman, A.: So 
dium Acetate as a Source of Fixed Base. Proc. Soc. 
Exptl. Biol. and Med., 71, (1949): 136-138 


Pediat., 30 


Medicine 


Crystallization Patterns in Vaginal and Cervical Mucus Smears 
as Related to Bovine Ovarian Activity and Pregnancy 


J. F. BONE, D.V.M., M.S. 


Corvallis, Oregon 


THE RELATIONSHIP between the secretions 
of the lower reproductive tract and the 
fertility status of cattle is not a new sub- 
ject, but considerably more has been done 
with investigations of this phenomena in 
human beings. Tests using the erystalliza- 
tion patterns of the cervical mucus have 
been developed to a high degree in the hu- 
man field but their application to animals 
is in its infaney. The cervical mucus erys- 
tallization phenomenon offers a fertile field 
for investigation, particularly in determin- 
ing ovarian function and estrogen activity. 
Its value as a test for pregnancy in eattle, 
however, is open to question. 

LITERATURE CTTED 

Cyclical changes in the cervical mucus of the 
cow have long been recognized. Williams’ in 1917 
made the observation that the cervical lumen be- 
comes occluded by a sticky mucous plug during 
pregnancy, a condition markedly dissimilar to the 
normal mucous exudate at estrus. Woodman and 
Hammond * in 1925 deseribed eyelic changes of the 
cervical mucus in eattle and stated that its lique 
faction at estrus was a requisite to free passage 
of spermatozoa through the cervix. Hammond * in 
1927 published observations upon eyelical changes 
in bovine cervical mucus. 

Hammond * further stated that the consistency 
of the cervical mucus in cattle has a direct rela- 
tionship to the functional activity of the corpus 
luteum, becoming thicker and more adhesive with 
an increase in lutein activity. Watson in 1939 in 
fluenced mucous secretion by estrogen injections. 
Papanicolau®* in 1945 and 1946 showed that when 
cervical mucus of women was spread on clean glass 
slides and allowed to dry, a fernlike erystalliza- 
tion took place. This was apparently most abun- 
dant at ovulation time. Pommerenke® in 1946 re- 
ported cyclical variations in human cervical mucus 
as regards amount, acellularity, viscosity, penetra- 
bility by sperm, and chemical content. Rydberg ° 
in 1948 confirmed Papanicolau’s observations and 
further reported that an analysis of the cervical 
secretion showed the crystallization to be due to 
the presence of chlorides expressed as NaCl in the 
mucin. He produced similar erystallization pat- 
terns by adding normal saline solution to egg al 
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bumin and saliva. Campos daPaz”™ in 1950 re- 
ported that the fernlike pattern can be used to 
determine whether or not the mucous secretion is 
favorable to the passage of normal spermatozoa. 
Absence of the crystallization pattern indicated an 
unfavorable environment, with consequent block 
ing or destruction of the sperm. 

Roland“ in 1952 published an extensive report 
dealing with use of the cervical mucous smear as 
a determinant for human estrogen activity, ovula- 
tion, and early pregnancy. Regarding early preg- 
naney he records a 99 per cent accuracy in diag- 
nosing some 500 eases. Garm and Skjerven”™ in 
1952 published studies of cervical mucous erystal- 
lization patterns in cattle, stating that the fern- 
like crystals appear during estrus, disappear dur- 
ing the lutein phase of the estrus cycle and ean 
not be seen during pregnancy. 

It was thought that further investigation 
of the crystallization properties of bovine 
cervical mucus might be of value, first to 
determine whether or not the lack of erys- 
tallization accurately reflected pregnancy, 
and second to determine whether or not 
there was a relationship between crystalli- 
zation and known reproductive disorders. 
A third question, the relationship between 
the crystallization patterns of cervical and 
vaginal mucus was developed during the 
course of this study to determine what ef- 
fect failure to collect an uncontaminated 
cervical mucus specimen would have upon 
the accuracy of the results. 


MATERIALS AND METHODS 


A total of 183 eattle of dairy and beef type 
were examined. Of these, 163 were animals pre 
sented for slaughter at a local abattoir. Mucous 
smears were obtained directly from the cervical os 
immediately after slaughter, and the carcass and 
reproductive organs were examined immediately 
thereafter. The remaining 20 cattle had known 
histories and were examined while living through 
the use of a special type of vaginal speculum and 
scraper shown in figure 1. The results were econ 
firmed by checking the histories and by physical 
examination. 

The mueus obtained from the slaughtered and 
living animals was spread thinly over the surface 
of clean glass microslides and allowed to dry. The 
slides were then examined microscopically under 
low power with reduced light. The 
fernlike erystallization patterns, such as 


presence of 
those 
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CRYSTALLIZATION PATTERNS IN Mucus SMEARS 


TABLE 1—Comparison of Test Results on Pregnant and Nonpregnant Cows 


Reaction 


No. 
negative 


No. 
pregnant 


No. 
positive 
Slaughtered 103 100 
Living 10 10 
Total 113 110 


shown in figure 2, was classed as a negative reac- 
tion, while the absence of these patterns was con- 
sidered positive for pregnancy (fig. 3). 

It was observed that the fernlike pattern was 
found in the first, second, and fourth phases of 
the estrous cycle, or from a period of about three 
days pre-estrus to nine days postestrus, and that 
this pattern was definitely related to the estro- 
genic activities of the ovary. Progesterone activ- 
ity, on the other hand, caused absence of these 
crystallization forms (table 2 and fig. 4). Care 
was taken to avoid contaminating the mucus spec- 
imens with halogens or halogen-containing com- 
pounds. A preliminary study, based on the obser 
vations of Rydberg,’ revealed that halogen eon- 
tamination of cervical mucus specimens was a 
distinct source of error. 

It was found that any of the members of the 
halogen family in the form of their sodium and 
potassium salts would produce fernlike aboriza- 
tions when added to neutral mucin, egg albumin, 
or positive cervical mucus, Further investigation 
revealed that human perspiration could also pro 
duce a negative reaction. Chlorine and iodine con 
taining disinfectants gave similar results. 
ever, present in normal serum 
or tissue fluids failed to influence erystallization. 


How 
blood chlorides as 


Instruments contaminated with halogen-contain 
ing compounds affected 
tion patterns, but it was found that washing in 
neutral soap and rinsing in distilled water prior 


occasionally erystalliza 


Accuracy 


100.00 


Reaction 


No. 
negative 


No. 
nonpreg. 


No. 
positive 


Accuracy 
(%) (%) 


97.06 60 75.00 


10 60.00 


97.69 70 72.83 


to sterilization was sufficient decontamination to 
avoid false negative results in the cervical mucus 
specimens. 

RESULTS 


Specimens from the 163 slaughtered 
cows revealed that of the 115 which were 
positive to the test, 15 were open while the 
remaining 100 were pregnant. Of the 48 
animals which were negative to the test, 3 
were pregnant (table 1). Thus, without 
applying corrective factors, the test was 87 
per cent accurate in determining preg- 
nancy, with 15 false positives and 3 false 
negatives. No definite reasons can be given 
why the 3 pregnant animals showed a non- 
pregnant reaction. Possibly the slides may 
have inadvertently become contaminated 
with a halogen, or perhaps vaginal rather 
than cervical mucus was used. 

The 15 false positives, however, can be 
accounted for. Postmortem examination 
revealed that all of these animals possessed 
well-developed and apparently functional 
corpora lutea. Ten of these 15 animals had 
adequate histories, which revealed that 6 
had a history of anestrus and 4 had been in 
heat ten to fifteen days prior to slaughter. 

Of the 6 animals with a history of anes- 


TABLE 2—The Effect of Phase* of Estrus and Pathological Conditions** upon Test 
Results in Nonpregnant Animals 


Phase Normal Pathological 


Total 


Positive Negative Per cent 


SLAUGHTERED 


Total 


Combined 
total 


* An arbitrary division of the estrous cycle according to ovarian activity, 
1—-Onset of heat to ovulation, 3 days. 

2—Developing corpus luteum, 5 days. 

3—Height of corpus luteum activity, 9 days. 

4 days 


Phase 

Phase 

Phase 

Phase 4—Involution of corpus luteum, 
** Includes all lesions and abnormalities. 


see figure 4. 
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1 3 10 13 0 13 100.0 

2 11 1 12 0 12 100.0 

3 5 10 15 15 0 0.0 

4 3 17 20 0 20 100.0 
Total 22 38 60 15 45 75.0 

LIVING 

1 3 0 3 0 3 100.0 

2 2 0 2 0 2 100.0 

3 4 0 4 4 i) 0.0 

4 1 0 1 0 1 100.0 
7 10 10 4 6 60.0 

| 
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trus, the ovaries of 4 contained large, 
loosely attached corpora lutea, having the 
typical vellow color, thickened capsule, re- 
duced vascularization and degenerate cell- 


Fig. 1—Instrumentation for obtaining cervical 

mucus in living animals. (Top to bottom) 

Knowles forceps with scraper attached; 

scraper; equine vaginal speculum with lamp 
attached. 


ular structure characteristic of persistent 
corpora lutea. The remaining 2 animals 


possessed cystic corpora lutea. 


The 4 animals with a history of recent 
heat were obviously in the height of the 
lutein phase (phase 3) of estrus. The cor- 
pora lutea were well formed and intimately 
attached to the underlying ovarian stroma 
and had the characteristic yellow-brown 
color and rich vascularization of young 
structures. 

Of the 5 animals without history, 2 
showed old eystie corpora lutea. The re- 
maining 3, judging from postmortem ap- 
pearance, were in the height of the lutein 
phase of the estrous cycle. 

If these 15 cases involving persistent 
corpora lutea and phase 3 animals are dis- 
counted, the test as applied to pregnancy is 
remarkably (97.06 %) accurate (table 1). 

The tests on living animals showed an 
even higher correlation when those in the 
height of the lutein phase were eliminated. 
In the living animals, those which were 
pregnant reacted positively to the test, and 
in addition 4 which were not pregnant also 
reacted positively (table 1). These 4 had 
been in heat nine to eighteen days previ- 
ously and were obviously in the height of 
the lutein phase. Examination of these ani- 
mals shortly after the following estrus 
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showed fernlike arborizations of the cervi- 
cal mucus. 

One of the most outstanding results was 
the early age at which pregnancy could be 
determined (table 4). Eleven of 12 slaugh- 
tered animals pregnant less than one 


TABLE 3—Age* of Bovine Fetus 


Months (Cm Months Cm, 


1 1.5 6 48.0 
8.0 7 63.0 
15.0 7 80.0 
24.0 9 90.0 
35.0 10 100.0 


* Based on crown-rump length in centimeters. 


month showed positive reactions. The ages 
of the fetuses were estimated by measure- 
ment of crown-rump length (table 3). 
Three embrvos of 10 days of age or less 
were recovered from animals showing a 
positive reaction. 

The pregnant living animals were 
checked by rectal palpation. Two of these 
were so early in pregnancy that they could 
not be verified by palpation until some 
thirty days later. The remaining & were 
palpably pregnant at the time the mucous 
smears were obtained. 

Further examination of the slaughtered 
cows revealed a high incidence of patholog- 
ical conditions. This was not surprising 
since many probably had been culled for 
deficiencies of one sort or another. While 
interesting, these conditions apparently 
had no effect upon the results of the test 
unless they affected the ovaries. 

Two sets of conditions encountered are 
worthy of remark. Three cases of cystic 
follicles showed negative reactions which 
was to be expected. However, 13 cases of 
cystic corpora lutea, 4 of which were asso- 
ciated with a history of anestrus also 
showed negative. Apparently, the proges- 


TABLE 4—Results of Test Used on Cows at 
Various Stages of Pregnancy 


Months No. 
pregnant of cows 


Negative 
reaction 


Positive 


reaction Per cent 


Less 
than 1 month 
1-2 months 
2-3 months 
3-4 months 
4-5 months 
5-6 months 
6-7 months 
7-8 months 
8-9 months 
Total 


92.0 
100.0 
90.0 
92.6 
100.0 
100.0 
100.0 
100.0 
100.0 
97.06 


| 
| 
ll... 
12 11 1 
21 21 0 
10 g 1 
15 14 1 
19 19 0 t 
9 9 0 
10 10 0 
3 3 0 
4 4 0 
103 100 3 
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Fig. 2—Crystallization forms found in negative 
mucus indicating nonpregnancy. 


terone activity of these structures was suf- 
ficient to suppress follicle development in 
these animals but insufficient to give a false 
positive reaction in the cervical mueus. 

Of interest was the lack of correlation 
between vaginal and cervical mucus speci- 
mens. Despite the fact that vaginal mucus 
was obtained from areas immediately sur- 
rounding the cervix, the vaginal secretions 
gave a much higher incidence of false re- 
actions and was a wholly unreliable me- 
dium upon which to base any conclusions 
regarding either pregnancy or estrogen 
activity. 

Discussion 


This study indicates that the cervical 
mucous secretions could serve not only as 
an indication of pregnancy but also as a 
possible method of determining estrogen 
activity. Vaginal mucous smears, however, 
are apparently less accurate. 

At the present time, the use of cervical 
mucous smears is not recommended to sup- 
plant accepted methods of determining 
pregnancy and reproductive activity. Con- 
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siderable sterile equipment is needed when 
more than 1 animal is to be tested and care 
must be taken to prevent contamination of 
either the mucus or the equipment with 
chlorides or other members of the halogen 
family in order to avoid false negative re- 
sults. In the event that disinfectants are 
used it is imperative that they be tested to 
determine what effect they may have upon 
crystallization patterns. Also, one must be 
careful to obtain mucus only from the cer- 
vix, as contamination with vaginal mucus 
can influence results detrimentally. 

The value of cervical mucus as a preg- 
nancy test in cattle is enhanced by the 
keeping of accurate records of the animals 
in question. If histories are unknown, the 
test is only 87 per cent accurate, a percent- 
age too low for field use. However, with 
good records, tests could be made at ap- 
propriate times during the estrous cycle 
and the false positives resulting from 
phase 3 animals reduced or eliminated. The 
remaining possibilities of error, e.g., per- 
sistent corpora lutea and an occasional 
false negative, would still remain. Al- 


Fig. 3— Positive cervical mucus indicating 
pregnancy. 
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though adequate histories might reveal 
some of these cases, rectal examination 
would still be necessary to determine 
whether or not the animals in question 
were actually pregnant. 

A proper test for determining pregnancy 
in cattle should not be based upon proges- 
terone activity as the errors resulting from 
pathological conditions and from the lutein 
phase of normal estrus are sufficient to 
make its use impractical. Actually, a better 
test would be one that would accurately 
determine which animals are not pregnant. 
Kor the purpose, the cervical mucus test 
is not satisfactory, having an accuracy of 
only 72.83 per cent (table 1). As a test for 
estrogen activity, cervical mucous smears 
offer some interesting possibilities. The ab- 
sence of the fernlike crystallization pat- 
terns during phase 3 pregnaney, and in 
conditions of anestrus due to persistent cor- 
pora lutea, indicates that the absence of 
crystallization can be used as a measure of 
progesterone activity of the ovary and, 
conversely, the presence of crystallization 
can be used as a measure of estrogen activ- 
itv. A series of tests made over a complete 
estrous cycle would indicate the fertility 
status and the estrogen activity of the ani- 
mal. It is quite possible that the employ- 
ment of this test might have some value in 
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determining the status of so-called fune- 
tional infertility cases. 

The cervical mucous test, while interest- 
ing and presenting a number of future 
possibilities, is still in an investigational 
stage. Considerably more work needs to be 
done before it can be recommended for 
routine clinical use. 


CONCLUSIONS AND SUMMARY 
1) Cervical mueus apparently has a 
definite relationship to ovarian activity 
and pregnancy in the normal bovine fe- 
male. The crystallization patterns formed 
by allowing smears of cervical mucus to 
dry on clean glass slides have an inverse 
relationship to the progesterone activity of 
the gonads. During phases 1, 2, and 4 of 
the estrous cycle, the cervical mucus 
shows definite crystallization patterns 
which disappear during phase 3 and dur- 
ing pregnancy. 

2) Vaginal mucus shows no such defi- 
nite correlation and is an undependable 
medium for use in determining either preg- 
nancy or estrogen activity. 

3) Providing that accurate records are 
kept on the subject animals, cervical mu- 
cous smears can give an indication of preg- 
nancy as early as ten days after conception. 
However, since the phenomenon of erystal- 


heat 


regressing corpus luteum 


Fig. 4—Chart of the ovarian cycle of the cow (adapted from ‘Hammond ® p. 45). 
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lization is related to progesterone activity 
‘ather than to the actual presence or ab- 
sence of an embryo or fetus, this test 
should not be used to replace present meth- 
ods of pregnaney determination. 
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The Survival of Pathogenic Bacteria in Bovine Semen 
Preserved by Freezing 


J. W. MACPHERSON, B.V.Sc., and N. A. FISH, D.V.M., D.V.P.H. 


Guelph, Ontario 


The present study was initiated with a 
view to furthering our knowledge of the 
effect of commonly used holding condi- 
tions, including freezing, on pathogenic 
bacteria in bull semen. 


LITERATURE CITED 

Albertsen’ reported on the bactericidal effect of 
antibiotics and sulfanilamide on strains of Coryne 
bacterium pyogenes, Brucella abortus, and Vibrio 
fetus when added to egg-yolk semen diluent. Re 
covery of viable organisms from the diluent is re 
ported after a storage period of twenty-four hours 
at temperatures varying from 5C. to 30C. 

A satisfactory method of preserving bovine se 
men by freezing was described by Polge and Row 
1952. Low temperature methods of pre 
serving bacteria have been employed for many 
years.’ However, the methods used differ from the 
‘*slow freezing’’ procedure presently utilized in 
preserving semen samples. 


son* in 


MATERIALS AND METHODS 


All the semen used in this study was collected 
at intervals from one bull by means of an artifi 
cial vagina. 
ically 


The semen was examined bacteriolog 
and pathogenic eould be 
demonstrated. 

Four species of bacteria, viz., Listeria monocy 
togenes, Br. abortus, C. pyogenes, and V. fetus 
were chosen for this experiment. The strains of 
L. monocytogenes, C. pyogenes, and V. fetus were 
reeovered from aborted fetuses from herds in 
which artificial insemination was practiced. The 
strain of Br. abortus was isolated from bovine 
semen obtained from a naturally infected bull. 

Listeria and Br. abortus were 
grown on tryptose agar slopes at 37 C. for forty 
eight hours. Corynebacterium pyogenes was culti 
vated on 5 per cent horse blood agar slopes at 
37 C. for forty-eight hours. A culture of V. fetus 
was obtained by cultivating the Vibrio strain on 
thioglycollate medium at 37C. for forty-eight 
hours. The growth of all four organisms was re 
moved with a phosphate buffered saline solution, 
pH 6.8. Bacterial suspensions were standardized 
to the density of tube number 1 of MeFarland’s 
nephelometer. Prior to the inoculation of the se 
men samples, the bacterial suspensions were di- 
luted tenfold with additional phosphate buffered 
saline solution. 


organisms 


monocytogenes 


From the Ontario Veterinary College, Guelph. 

Thanks are expressed to Dr. D. A. Barnum for con 
ducting the sensitivity tests and to Miss Barbara Brad- 
bury for technical assistance. 


The semen sample was divided into four equal 
portions. Each of the four bacterial suspensions 
was added to a portion (3.0 ml.) of semen in an 
0.25-ml. amount. 

One quarter of each portion of the semen sam 
ple was diluted one part to 40 parts of milk di 
luent containing penicillin, 1,000 units per milli 
liter, and streptomycin, 500 ug. per milliliter at 
30C. A second quarter of each portion was di 
luted to the same extent in egg yolk citrate, con 
sisting of one part egg yolk and one part 2.9 per 
cent sodium citrate with both antibioties in the 
same concentration as above. The third quarter 
portion was diluted in milk diluent without anti 
bioties, and the fourth quarter-portion in egg yolk 
citrate also without antibiotics. Half of 
the four quarter-portions glycerinated and 
one half of the glycerinated portion was frozen in 
hermetically sealed vials; * 
at —79C, 


each of 
was 


these vials were stored 
The remaining portions, glycerinated 
and unglycerinated, were stored at 5 C. in hermet 
ically sealed vials. The vials were examined for 
the presence of the bacteria after three 
storage. ‘A duplicate set of the vials held at —79 
(. was examined after seven days’ storage. Table 
1 summarizes the conditions under which the se 
men samples were held. For convenience, the Jots 
of vials are numbered in the table aecording to 
the method of handling. 

The method 
5 was as follows. 


days’ 


used ta cool the diluted samples to 
Tubes of diluted semen were 
placed in a water bath at 30C. The water bath 
was then placed in a refrigerator set at 5C. Slow 
cooling was thus effected over a period of approx 
imately four hours. 

After the holding periods, the semen samples 
were centrifuged and the sediment inoculated onto 
tryptose agar plates containing 10 per cent horse 
blood, and into tubes of thioglycollate medium 
containing 10 per cent horse blood serum. The 
inoculated mediums were then ineubated for four 
days aerobically and under reduced oxygen ten 
sion (20 % COs). 

The semen sample sediments were then washed 
with a buffered sterile saline solution in order to 
remove the antibiotics. The washing procedure 
consisted of suspending the sediments in sterile 
saline. The semen portion containing V. fetus and 
buffered sterile saline was centrifuged at 3,500 
r.p.m. for one hour. It was found that if lower 
speeds of centrifugation were used with this or 
ganism, Vibrio cells remained in the supernatant 
fluid. Centrifugation at 2,500 r.p.m. for one 
hour was sufficient for the other three organ 
The supernatant disearded and the 


isms. was 
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This 


When washing 


resuspended in additional saline. 


washing procedure was repeated. 


sediment 


was completed the sediment was cultured again as 
above. 

pigs blood tested and their 
serums were shown to be negative for Brueella 
agglutinins. Three of these 
lated subcutaneously with 1.0-mi. quantities of the 


Six guinea were 


animals were inocu 
diluted semen samples containing viable Brucella 


organisms plus penicillin and streptomycin. At 
the same time, the other 3 guinea pigs were inocu 
lated subcutaneously with 1.0-ml. quantities of the 
diluted semen samples containing viable Brucella 
without Six weeks later 
the serums of all 6 guinea pigs were retested for 


pigs from 


organisms antibiotics. 


Brucella agglutinins; 2 guinea each 


group were killed and cultures made of various 
tissues. 

The four bacterial species employed were tested 
by the tube dilution method for 
sensitivity to streptomycin. The 


concentra 


standard serial 
penicillin and 


sensitive level was taken as the lowest 


tion of the antibiotic which inhibited growth. 


RESULTS 


Organisms of the four species were re- 
covered in the absence of penicillin and 
streptomycin regardless of holding temper- 
atures, diluent used, or the presence or ab- 
sence of glycerol. When the semen sample 
was washed with buffered saline solution to 
remove the residual antibiotics before eul- 
ture, the organisms were recovered. How- 
ever, viable bacteria could not be demon- 
strated when the residual antibiotics were 
not removed by washing before culture. 

The results of the sensitivity tests based 


on bacteriostatic activity appear in table 2 


TABLE 1—Viability of Listeria 


Time 
Diluent (days) 


egg yolk 3 
milk 3 
egg yolk 3 
milk 
egg yolk 
milk 
egg yolk 
milk 
egg yolk 
milk 
egg yolk 
milk 
egg yolk 
milk 
egg yolk 
milk 


79 
79 
—79 


—79 


-+ Present; — absent; 
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and indicate that growth of all species used 
was inhibited by both penicillin and strep- 
tomycin in concentrations much lower than 
those used in the semen diluent. 

The results of all the animal tests with 
the samples containing Brucella were neg- 
ative. The guinea pigs did not show agglu- 
tinins in their serums, and Brucella organ- 


TABLE 2—Sensitivity of the Strains of Coryne- 

bacterium Pyogenes, Brucella Abortus, Listeria 

Monocytogenes, and Vibrio Fetus to Penicillin 
and Streptomycin in Milk Diluent 


Penicillin Streptomycin 


Resistant Sensitive 
to units 


(ml.) 


Sensitive 
to 
(ml. ) 


Resistant 
to units 
(ml.) 


to “ug. 
Organism (ml.) 

12.5 
Br. abortus J 2.5 
100.0 


C. pyogenes 12.5 


25.0 


25.0 
50.0 


25.0 50.0 


L. monocytogenes 
V. fetus 0.3 0.3 0.6 


isms were not recovered by bacteriological 
culture from these animals. Inoculations 
of control animals using semen samples 
without antibiotics also yielded negative 
results. It is possible, however, that in- 
fection may not have been achieved be- 
cause of the degree of dilution. 


SUMMARY 


1) Suspensions of Brucella abortus, Lis- 
teria monocytogenes, Corynebacterium py- 
ogenes, and Vibrio fetus were added to se- 
men samples which were handled as fol- 
lows: (a) held at 5 C. for three days with 
and without the addition of penicillin and 


Monocytogenes in Diluted Semen 


Viable Bacteria 


Antibiotics added 


Glycerol No 
added antibiotics 


after 
washing 


before 
washing 
none 
none 


+ 
4 


none 
none 


comparable results were obtained with the other three organisms tested 


(No.) 
1 5 
4 5 
5 79 + 
6 79 
7 79 | 4 
8 79 4 
5 
10 
11 5 4 + 
- 12 + + 
13 
14 + 
15 4 4 
16 | 4 4 
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with 
of penicillin 


(b) held at 
seven-day-periods 
addition 


for 
and 
and 


streptomycin ; 
three- and 
without the 
streptomycin. 

2) Organisms of all four species sur- 
vived the holding periods at 5 C. and —79 
(,. both with and without the addition of 
penicillin and streptomycin. However, vi- 
able organisms were demonstrated in the 
tests containing antibiotics only after the 
residual penicillin and streptomycin were 
removed by washing. 
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Actinomyces Bovis Isolated from Six Cases of Bovine Orchitis 
A Preliminary Report 


ALICE KIMBALL, B.S.; M. J. TWIEHAUS, D.V.M., M.S.; 
E. R. FRANK, M.S., D.V.M. 


Manhattan, Kansas 


THE MATERIAL for this investigation was 
obtained from 6 eases of bovine orchitis 
originating from various areas over the 
State of Kansas and presented at the Kan- 
sas State College Veterinary Clinic for 
treatment. Only unopened and untreated 
cases were cultured. Actinomyces bovis of 
the ‘‘smooth type’’ was isolated from all 
cases examined. These strains were cul- 
turallvy, morphologically, and  biochemi- 
cally identical with 65 strains isolated 
from fistulous withers and poll evil of 
horses,'’* with strains 8,373 and 8,374 from 
the American Type Culture Collection, 
and with two strains isolated from cases of 
human actinomycosis. 


COLLECTION OF MATERIAL 


The testicles removed 
brought to the laboratory for bacteriological ex 
amination. The testicle was seared with extremely 
hot spatulas and opened aseptically. Pieces of the 
edematous testicle were removed and placed in 
Petri dishes, then introduced with sterile spatulas 
into deep tubes of melted dextrose agar. 


were surgically and 


CULTURAL CHARACTERISTICS 

Dextrose Agar Shake Cultures.—Growth 
was abundant below 1 to 2 em. Colonies 
were soft with finlike outgrowths (fig. 1) 
and were white frequently assuming a 
pinkish brown color with age. Sparsely 
seeded colonies may attain a diameter of 
4 to 8 mm. (fig. 1). 

Sodium Thioglycolate Broth.—There 
was a luxuriant fluffy growth which usu- 
ally extended from the bottom of the tube 
to within 1 to 2 in. of the top. 

Blood Agar.—Hemolysis occurred in 
shake cultures containing a small percent- 
age (0.25%) of blood and on blood agar 
plates containing 1 per cent dextrose, in- 
cubated anaerobically. 


STAINING AND MORPHOLOGY 


Morphology.—Actinomyces bovis is pleo- 
morphic, typically diptheroidal and 

Contribution 137, Department of Veterinary Medicine, 
Kansas Agricultural Experiment Station, Manhattan 


branching forms are common. Individual 
cells may exhibit swollen ends or centers. 
Curved forms are common but frequently 
assume definite angles rather than curves, 
suggesting that they may result from two 
or more organisms being hinged together 
(fig. 2). Frequently these organisms ap- 
pear as short to moderately long irregular 
rods (fig. 3), this form being interchange- 
able with the diphtheroid. 

Staining.— Young cultures are typically 
gram positive though the absorption or the 
decolorization of violet dye is not uniform, 
sometimes resulting in a chainlike appear- 
ance of gram-positive cells. Gram-positive 
characteristics are lost with age so that old 
cultures may appear typically gram nega- 
tive. They are nonacid fast. 


BIOCHEMICAL FEATURES 


In all biochemical tests, large numbers 
of vigorously growing organisms were em- 
ployed as the inoculum. 

Gelatin.—All strains liquefied gelatin, 
usually within five to nine days; oeceasion- 
ally a strain required twenty-five days for 


Fig. 1—Isolated colonies of Actinomyces bovis 

developing from direct inoculation with testic- 

ular material; incubation for eighteen days at 
37 C. 
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complete liquefaction. The medium con- 
tained 20 per cent gelatin (Difeo), 2 per 
cent Bacto-tryptose, 0.5 per cent NaCl; no 
fermentable sugar was added. 

Litmus Milk.—Every strain redueed lit- 
mus, and coagulated and digested the curd 
in litmus milk. Approximately half of the 
curd was digested within seven days; the 
remaining half digested more slowly. 
Bacto-litmus milk was found to be a satis- 
factory medium, if freshly prepared. 

Indol.—Each isolate produced indol 
within two to five days in a medium con- 
taining the following materials: 2 per cent 
Bacto-tryptone, 0.5 per cent NaCl, 0.1 per 
cent sodium thioglycolate, 0.1 per cent 
agar, and no fermentable sugar. The Gore 
test was used to detect the presence of 
indol. 

Ammonia, strains produced am- 


All 


monia within two to four days in a broth 
composed of the following materials: 2 per 
cent Bacto-tryptose, 0.5 per cent NaCl, 0.1 
per cent sodium thioglycolate, 0.1 per cent 
agar, and no fermentable sugar. The pres- 
ence of ammonia was demonstrated by the 
‘*spot plate’’ method, 0.2 ec. of culture and 


0.2 cc. of Nessler’s reagent being used. 

Hydrogen Sulfide—All cultures pro- 
duced H,S within five to eight days, with 
the development of a more intense reaction 
during a longer incubation period. Bacto- 
lead acetate agar without sodium thiosul- 
fate* was found to be a satisfactory me- 
dium. Melted tubes of agar were inoculated 
heavily by means of a Pasteur pipette just 

* Difco Manual, 5th ed., Difco Laboratories, Inc., De- 
troit 1, Mich., (1935): 142. 


Fig. 2—Diphtheroid form of Actinomyces bovis 
“S$” type, as isolated from bovine orchitis. 
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before solidification of the agar. The inoe- 
ulum was expelled slowly as the pipette 
was withdrawn from the bottom of the 
tube. 


Fig. 3—Short-rod form of Actinomyces bovis 
“S” type, as frequently seen from initially iso- 
lated colonies. 


Nitrate Reduction.—All strains reduced 
nitrate nitrogen to nitrite nitrogen within 
forty-eight hours in a medium containing 
the following materials: 2 per cent Bacto- 
tryptose, 0.5 per cent NaCl, 0.1 per cent 
sodium thioglycolate, 0.1 per cent agar, 0.5 
per cent dextrose, and 0.1 per cent potas- 
sium nitrate. 

Catalase Production.—All isolates pro- 
duced an abundance of catalase within 
forty-eight hours in the same medium em- 
ployed for nitrate reduction except that 
the potassium nitrate was left out. 

Fermentation.— Fermentation 
were prepared by adding a sterile solution 
of a neutral substrate to sugar-free broth 
which contained the following substances: 
2 per cent Bacto-tryptose, 0.5 per cent 
NaCl, 0.1 per cent sodium thioglycolate, 
and 0.1 per cent agar, and adjusted to a 
pH of 7.1. The ‘‘spot plate’? method was 
used to determine acid formation, since the 
addition of indicator to the medium proved 
to be inhibitory to growth of the organ- 
isms. Mannitol generally fermented more 
slowly than other substrates. No strain 
produced gas. All strains were identical in 
their fermentation reactions and the re- 
sults were as follows: Acid formed in two 
to four days in mannose, dextrose, fructose, 
and glycerine; acid formed in two to seven 
days in galactose; acid formed in two to 
twenty-five days in mannitol and sorbitol; 
no acid was formed in maltose, lactose, su- 
crose, arabinose, xylose, dulcitol, raffinose, 
inulin, and salicin, 


tubes 
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SUMMARY 


The fact that Actinomyces bovis of the 
““S”’ type has been isolated from every 
case of bovine orchitis cultured in this lab- 
oratory suggests that this organism may be 
an important etiological factor in bovine 
orchitis. So far as the writers are aware, 
this is the first reported association of A. 
bows with this disease. 


ACTINOMYCES Bovis ISOLATED FROM BOVINE ORCHITIS 
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Use of Rabbit-Passaged Strains of the Nakamura LA 
Rinderpest Virus for Immunizing Korean Cattle 


ROBERT C. REISINGER, D.V.M.; CHAl PONG MUN, D.V.M.; 
NAM SHIN LEE, D.V.M. 


Pusan, 


Since 1945, the Republic of Korea has 
maintained an ‘‘immune zone’’ in the area 
immediately south of the thirty-eighth 
parallel for the purpose of preventing the 
spread of rinderpest from Manchuria 
which is known to be infected with rinder- 
pest and from North Korea which is pos- 
sibly infected. 

The immune zone established and main 
tained from 1945 through 1949 by immunizing all 
eattle in the zone by the simultaneous inoculation 
of the Nakamura IIT strain of lapinized rinderpest 
virus plus approximately 40 ce. of antirinderpest 
hyperimmune serum. The serum was necessary to 
counteract the virus, since it had been shown by 
Nakamura and Kuroda, Nakamura,” and Lee* 
that approximately one third of Korean calves in 
oculated with lapinized virus alone died of rinder 
pest. In one experiment by the authors in August, 
1952, of 6 calves inoculated with lapinized virus, 
5 died of rinderpest, and the sixth recovered only 
after a protracted illness. According to Fukusho 
and his co-workers,*® Nakamura,’ and Reisinger,* 
Korean and Japanese cattle are relatively less re 
sistant to rinderpest than is the Holstein-Friesian 
breed. We would therefore classify the Korean 
native cattle as a breed hyper-suseeptible to rin 
derpest. 

Due to the war no immunization program had 
been conducted in 1950, very few cattle had been 
immunized in 1951, and in the autumn of 1952 we 
had on hand enough serum to vaccinate only 15,000 
eattle. At this time we received from Dr. Junji 
Nakamura* his strain of lapinized avianized (LA)* 
rinderpest virus. This virus had been developed 
from the lapinized virus by repeated passages in 
chicken embryos and was said to be so attenuated 
that it produced no adverse reaction in Japanese 
calves. 


was 


Laboratory experiments were then planned to 
determine (1) whether this virus could be safely 
and effectively used in Korean cattle as a vaccine; 
(2) how long it could be passaged in rabbits with 
out increasing its pathogenicity for eattle; and 
(3) if rabbits might be employed as animals from 
which the vaccine could be produced. The second 
subject was especially important sinee the chicken 


From the United Nations Korean Reconstruction 
Agency (Reisinger), and the National Institute for Vet 
erinary Research (Mun and Lee), Pusan, Korea. 

* Director of the Nippon Institute for Biological 
ence, Tachikawa, Tokyo, Japan 


Sci 


Korea 


embryo technique was impractical in our labora 
tory at that time. Also, production of 
from rabbits had been practiced with the Naka 
mura III lapinized virus in Korea, and this method 
was thought to have many advantages. 
lines of serial passages of the LA virus in rabbits 
have been established, and inoculation experiments 
with Korean calves have been conducted at differ 
ent passage levels in each line. This work to date 
has yielded unique results in that the pathogenicity 
of the LA virus for calves has remained unchanged 


vaceine 


Several 


for many serial passages in rabbits, over 200 in 
one line. Furthermore, all the Korean ealves inoe 
ulated have survived with little or no reaction and 
have acquired solid immunity against the bovine 
rinderpest virus. 

In August 1952, a controlled field test 
ducted with 181 cattle in two villages near the 
laboratory. After obtaining successful results in 
this trial, approximately 15,000 eattle in the area 
immediately south of the thirty-eighth parallel 
were vaccinated with the rabbit-passaged LA virus 
in November and December of 1952, and approxi 
mately the same number in 1953. This method of 
immunization in 


was eon 


has proved highly satisfactory 
Korea. 
Results of the laboratory experiments and the 


field vaccinations are briefly described below. 


LABORATORY EXPERIMENTS 


MATERIALS AND METHODS 


Serial passages of LA virus in rabbits have been 
conducted in six lines. Starting virus, 
date, and number of passages in each line are 
table 1. During passage, the virus was 
periodically tested for its pathogenicity and im 
munizing effect in calves, and also for its virus 
titer in ealves and for rabbits. Materials 
methods employed are as follows. 

Calves.—The calves used for the 
Korean indigenous ealves 4 to & 
months in age and 120 to 260 lb. in weight. They 
were raised in the southern part of South Korea, 


starting 


shown in 


experiments 


were yellow 


TABLE i—Rabbit-Passage Lines Established 


Date 
started 


No. of Rabbit 
passages 


Starting 
LA virus 


AE224 
AE185 
AE226 
AE261 
AE237 
AE264 


228 (continued ) 
20 (discontin. ) 
81 (continued ) 

9 (discontin. 
10 (discontin. ) 
10(discontin. 
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where rinderpest has not occurred for more than 
forty years, and where no vaccination program has 
ever been conducted, except for the field testing 
program of the authors in 1952. 

Rabbits.—The rabbits used were a Japanese 
white breed of medium size, usually between 4 and 
6 months of age, and weighing between 1,500 and 
2,000 Gm. 

Virus Source.—Orignal LA virus materials were 
wet or lyophilized chicken embryo spleen received 
from Tokyo. In four of the six rabbit-passage 
lines, the original materials, A-E224, A-E185, 
A-E226, and A-E261, respectively, were inoculated 
directly. In the remaining two lines, the original 
A-E226 had been passaged in our laboratory in 
chicken embryos by the same method as used by 
Nakamura and Miyamoto,” and the lines were 
started with the fresh chicken embryo spleen when 
they reached A-E237 and A-E264, respectively. 
The designation of the passage number of LA vi 
rus follows the nomenclature employed by Naka 
mura and Miyamoto; A-E185, for instanee, repre 
sents: 

A= 77 chicken embryo passages with 41 eon 

junctive rabbit passages; 

E185 = 185 direct chicken embryo passages fol 

lowing the ‘A’ passages; 

A-E185 is, accordingly, equivalent to 262 chicken 

embryo passages with 41 rabbit 
passages. 


conjunetive 


Serial Passage in Rabbits.—For the starting LA 
virus, chicken embryo spleen, either wet or lyo 
philized, was suspended in physiological saline to 
1:500, ecaleulated from the weight of fresh tissue. 
After light centrifugation, 1 ec. of the supernatant 
fluid was intravenously inoculated into each of 2 
rabbits. Three days later, blood was taken from 1 
of the rabbits and directly transferred to the next 
group of 2 rabbits through the intravenous route 
at the dose of 0.5 ce. for each. In subsequent pas 
sages, the latter method was repeated. 

Inoculation Experiments in Calves.—The mesen 
teric lymph node or the pool of lymph node, spleen, 
and blood was the material tested in ealves. This 
was taken from the passage rabbit at the presumed 
peak of virus multiplication, i.e., three days after 
inoculation. In the case of lymph node alone, the 
tissue was emulsified in 10 w/v of saline, filtered 
through gauze and then diluted in tenfold series as 
desired. With pooled whole mesenteric 
lymph nodes and spleens were emulsified in nine 
times w/v of defibrinated blood, filtered through 
gauze and saline added to make any desired dilu- 
tion caleulated from the weight of lymph node, 
spleen, and blood. The suspension was always pre 
pared as quickly as possible after killing the rab 
bit, and inoculated subeutaneously to 1 or more 
ealves at a dose of 2 or The calves were 
kept under clinical observation for two to three 
weeks, and then challenged by subcutaneous inocu 
lation with 2 ee. of fresh virulent blood from a 
ealf which had been inoculated with the labora 


tissues, 


ee. 
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tory bovine strain of rinderpest. Control calves 
were always simultaneously inoculated with the 
bovine challenge virus, and none has ever failed to 
die of the resultant typical acute infection. In 
some instances, several serial dilutions were inocu 
lated to determine the minimum effective dose of 
the rabbit-passaged LA virus. In one experiment, 
challenge by the bovine virus was delayed for six 
and twelve months aftey LA vaccination to deter 
mine the duration of immunity conferred. 

Virus Titration in Rabbits.—The virus content 
of tissues was titrated in rabbits as follows. Serial 
dilutions of the material were inoculated intra- 


venously in rabbits, using 2 rabbits for each dilu 


tion and 1 ce. for each animal. The infection of 
each animal was judged by febrile reaction, and 
by the characteristic lesions of Peyer’s patches in 
the intestine if the animal died or was killed 
within two weeks after inoculation, or by testing 
resistance to challenge with Nakamura III lap 
rabbits survived the 


inized virus of those which 


initial inoculation. 


PATHOGENICITY AND INFECTIVITY 
IN RABBITS 


The LA virus is less pathogenic to rab- 
bits than the lapinized virus from which it 
originated. The thermal reaction and for- 
mation of necrotic lesions in Peyer’s 
patches of the intestine are generally less 
prominent in rabbits infected with the LA 
virus than in those infected with the lap- 
inized virus and are occasionally grossly 
imperceptible. According to Nakamura 
and Miyamoto,’ the mortality rate among 
rabbits was less than 20 per cent with the 
LA virus while it was over 80 per cent 
with the lapinized virus. So far as these 
pathogenic features in rabbits are con- 
cerned, the LA virus regained its original 
lapinized character in a relatively small 
number of passages back into rabbits. 

In the A-E224 line, such a reversion of 
the pathogenie character in rabbits ap- 
pears to have occurred rather more slowly 
than the average. This line was, however, 
the richest in number of passage rabbits 
which were left alive for observation of 
their natural fate after inoculation and 
seems to be the most adequate example for 
the demonstration of the phenomenon. As 
seen in table 2, in this line, of the 18 rab- 
bits which were used for the passage of LA 
virus up to the twentieth generation, and 
left for observation of natural termination, 
only 1 died. During the next ten passages, 
the mortality rate became 4 of 9 or 44 per 
cent, and since the thirtieth passage, the 


‘ 
\ 
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mortality rate has exceeded 85 per cent 
which is comparable to that observed in 
rabbits infected with the original lapinized 
virus. 

As for the infectivity of the virus to rab- 
bits, virus titration of the infected rabbit 


TABLE 2—Mortality in Rabbits in AE224 Line 


Rabbit Mortality 
passages rate 


1-10 10 (10% 
11—20 8 
21-30 (44 % 
31—40 (89 ¢ 
41—50 (86 ¢ 


51—60 


« 


lymph node or pooled tissues has been oc- 
easionally carried out in each rabbit pas- 
sage line. Unfortunately, however, the 
tests were often incomplete, especially in 
earlier stages of the passages, and data ob- 
tained up to date are insufficient to give a 
definite conclusion as to the increase of in- 
feetivity during rabbit passage. However, 
the rabbit lymph node had a virus titer of 
10-° or 10° in earlier stages of the pas- 
sages, and more frequently 10°° and some- 
times even 10° in the advanced stages. 

According to Nakamura and Mivamoto,® 
chicken embryo spleens infected with the 
LA virus have a virus titer of 10-5 or 10°° 
in rabbits. 


PATHOGENICITY AND INFECTIVITY IN CALVES 


As mentioned in the introduction, Naka- 
mura III lapinized virus, though it has 
been remarkably attenuated for cattle, still 
maintains a strong pathogenicity for the 
hypersusceptible Korean cattle, and_usu- 
ally kills one third or more of inoculated 
ealves. According to Nakamura and Miya- 
moto,’ the LA virus has been further at- 


REISINGER—MuN—LEE 


Am. J. VET. RES. 
OCTOBER 1954 


tenuated, and ean be safely inoculated in 
Japanese calves which have a susceptibil- 
ity to the lapinized virus comparable to 
that evidenced by Korean calves. 

In one experiment conducted by the 
present authors, of 6 Korean calves inocu- 
lated subeutaneously with 2 ec. of a 1:100 
suspension of lymph node of the 924th 
rabbit passage of the Nakamura III lapi- 
nized strain, all revealed clinical symptoms 
of rinderpest, and of them 5 died between 
seventeen and twenty-two days after inoe- 
ulation. The temperature chart of one ex- 
ample, calf 107, is shown in table 4. 

In two preliminary experiments, 4 Ko- 
rean calves were inoculated with the orig- 
inal LA virus received from Tokyo, 7.e., 5 
ec. of a 1:500 suspension of embryo spleen 
at the A-E224 and A-E226 passages. These 
animals revealed only slight thermal reae- 
tion and acquired solid immunity which 
completely protected them from any vis- 
ible infection when subsequently chal- 
lenged by the bovine rinderpest virus. 

We had anticipated that with repeated 
rabbit serial passage the LA virus would 
regain its original pathogenicity for calves, 
but so far there has been no indication of 
this, and we suspect that the virus may be 
‘*fixed’’ as to its nonpathogenic character 
for calves. At least this is true through the 
latest rabbit serial passages tested in calves 
in each line, 7.¢., the 220th passage in the 
A-E224 line, the eightieth in the A-E226 
line, the twentieth in the A-E185 line, the 
ninth in the A-E261 line, the tenth in the 
A-E237 line, and the teath in the A-E264 
line. More than 120 calves have been inoe- 
ulated in the laboratory with rabbit-pas- 
saged virus of relatively high concentra- 
tion (2 or 5 ee. of 1:10 to 1:1,000 suspen- 
sion of the rabbit lymph node, or pooled 
tissues consisting of lymph node and 


TABLE 3—Reaction of Calves to Virus in AE224 Rabbit-Passage Line 


No. of 
rabbit 
passage 


Tissue 
dilution 


Material 
inoculated 


4— 12 L 10-1 
16— 46 L 10-2 
56— 95 L 10-4 
105-135 LSB 10-7 
145-174 L 10-2 
180-204 L 10-? 2 
Total 4 


1 


Duration of febrile reaction 
(days) 


L—Lymph node, mesenteric; LBS—whole mesenteric lymph node and spleen, 1 part, plus defibrinated 


blood 9 parts. 


All calves were solidly immune to challenge with the bovine rinderpest virus. 


| 
| 
) 
) | 
) i 
) 
| ) 
i 
0 1 9 3 4 5 6 7 Total 
1 2 1 
2 2 2 2 I 10 
2 2 1 | 1 7 
5 1 6 4 
1 1 4 
3 6 13 5 5 1 1 38 
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spleen 1 part and blood 9 parts), including have been observed. In several animals, 
40 in the A-E224 line, 14 in the A-E226 softening of feces was noticed, but it was 
line, 10 in the A-E185 line, 4 in the difficult to judge whether this was due to 
A-E261 line, 6 in the A-E237 line, and 7 in the virus since this condition was not rare 
the A-E264 line. Without exception, these in our normal calves. 

animals survived the inoculation with no In table 3 are shown reactions in calves 
adverse reaction and subsequently revealed which were inoculated with the LA virus 
complete resistance to the challenge bovine at various rabbit passages of the A-E224 
virus. The most common type of reaction line. No tendency toward increased path- 
in inoculated animals was a temperature ogenicity of the virus for calves was ob- 
rise usually after four to five days, lasting served as the passages advanced. Table 4 
one to five days, and usually not exceeding includes temperature charts of 2 calves 
40.4. No other significant symptoms (10 and 65) which were inoculated with 


TABLE 4—Temperature Charts of Korean Caives After Inoculation with Bovine, 
Lapinized, and Rabbit-Passaged Lapinized-Avianized Strains of Rinderpest Virus 


1.6.53 
*Caf blood Icc SX. lymphnode 1:100 2cc SC. 


Raboit - Passaged i 


(Control) 


23.52 34.2 
@Rapoit lympnnede Sec SX. @@Bovine virus(Caif blood) 2cc SC. 


Rabost - Passaged 
LA Virus (AE 224-R200) Chalienge pat (Contro!) Gaff 65 
| 


0 
25.9. 53 4.10.53 
*Rabdit lympnnode 1:100 Scce SC. @@ Bovine virusicaif blood) 2cc SC. 


(Contro') Calf 152 


234567TS8 15 6 O1l234567 


* Rabbit tympnnode, spleen, *® Bovine virusicalf blood) 2cc SC. 
and blood pooled 1:10 2cc SC. 


Lapinized 

a Coeff 127 — 

40 39 

39 38 

42 
40 
42 
42 
4 
40 
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lvmph node virus of the sixteenth and 
200th rabbit passages in the A-E224 line. 

In one experiment, 4 calves which had 
been inoculated with 2 cc. of a 1:10 pooled 
tissue (lymph node, spleen, blood) suspen- 
sion of the tenth rabbit passage in the 
A-E226 line were challenged by the bovine 
virus, 2 of them six months and the re- 
maining 2 twelve months after vaccination. 
The reaction to the LA inoculation was a 
slight temperature rise in 1 calf and almost 
none in the other 3. All these animals were 
found to be solidly immune to the bovine 
challenge virus. The temperature chart of 
calf 152 challenged twelve months after 
vaccination is shown in table 4. 

The minimum ealf-infecting or immu- 
nizing dose (m.i.d.) was titrated in seven 
samples of fresh lymph node or pooled tis- 
sues of rabbits at various passage levels in 
four different lines. Details of materials 
and results in calves are shown in table 5. 
In the A-E226 line, the test was made with 
only one sample. In each of the other three 
lines, the test was made with two samples, 
one at the fifth or earlier passage and the 
other at the tenth or twelfth. In these 


lines, the titer was always found to be 


higher at the later than at the earlier pas- 
Throughout all tests, the titer of 
samples from the earlier passages, exclud- 
ing the one in the A-E185 line which was 
infective at 10-° but not tested at 10-* and 
10°, was 10°* or 10°, while the titer was 
10° or 10°° at the advanced passages. 
Among the samples from the earlier pas- 
sages the pooled tissues of a rabbit which 
had been infected with the original chicken 
embryo virus were included, and_ their 
titer was 10°. 

No remarkable difference in reaction has 
been noted between those calves inoculated 


sage. 
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with concentrated virus and those with 


highly diluted virus. 


FIELD VACCINATION 
MATERIALS AND METHODS 
On Aug. 17, 1952, 180 Korean cattle were vac 
cinated with a suspension consisting of one part 


TABLE 6—Results of Test for Complement- 
Fixing Antibody Content of Pre- and Post- 
vaccination Serums 


Postvaccination 
serums 


Prevaccination 
serums 
Positive 
Doubtful 
Negative 
Total 


spleen and lymph node, nine parts of blood, and 
90 parts of physiological saline. The dose was 2 
ce. per animal administered subcutaneously. The 
virus used was the AEoxRs passage, and was har 
vested from rabbits eighty hours after intravenous 
injection. Immediately before vaccination, 151 
prevaccinal serums were taken and 92 postvaccinal 
serums twenty to twenty-one days after vaccina 
tion. All serums were taken to the Nippon Insti 
tute for Biological Seience for testing for the 
complement fixing (¢.f.) antibody and for the 
virus neutralizing (v.n.) antibody. Full results of 
these tests are reported in detail by Nakamura, 
Kishi, Kiuchi, and Reisinger,’” but a summary of 
the results is as follows: 

Test for C.F. Antibody.—All the pre- and post 
vaccination serums were tested for their ¢.f. anti 
body content. Results are given in table 6. 

Test for V.N. Antibody.—From extensive ex 
perience, it is known that animals can be consid 
ered to be immune to rinderpest the e.f. 
antibody is demonstrated in the serum, but the re 
The virus neutralization 


when 


verse is not always true. 
(v.n.) test (using embryonating chicken eggs and 
LA virus) is believed to be a more exact method 
for indicating immunity in eattle. All 27 ef. 
negative and 6 e.f.-doubtful postvaececinal serums 


were tested for their antibody content. As a eon 


TABLE 5—Infectivity of Rabbit-Passaged Lapinized Avianized Virus to Calves 


Virus Line AE185 


No. of rabbit 
passage 


Tissue 


Dilution of 


-6 


— No reaction and acquired no immunity; + No appreciable reaction, but acquired immunity; t 


reaction, and acquired immunity. 
L—Lymph node, mesenteric: 
blood 9 parts. 


LSB 


AE226 


whole mesenteric 


AE264 A 


+ 2 
! + 


febrile 


lymph node and spleen, 1 part, plus defibrinated 


4 
; 
¢ 
i 
i 
| 
57 (62.6 
7( 7.7%) { 
27 (29.7 %) 
91 { 
i 
|) 2 37 
be L Il. LSB LSB LSB LSB LSB 
4 
10-2 4 4 
10-3 t + t : 
10™ | 
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trol, 10 ¢.f.-positive postvaccinal serums were also 
tested. Results are given in table 7. 

As an additional test, vaccinated animal T52, 
whose postvaccinal serum was negative for e.f. 
antibody and positive for v.n. antibody in the 
above tests, was purchased and brought to the Jab 
oratory for a challenge test with bovine rinderpest 


TABLE 7— Results of Virus Neutralization 
(v.n.) Tests for Antibody Content of Pre- and 


Postvaccination Serums 
Prevaccination Postvaccination 


serums serums 


ven, ven. v.n. v.n. 
ef positive negative positive negative 
Positive 
Doubtful 
Negative 
Total 0 


e.f.—complement fixing 

virus thirty-eight after vaccination. This 
animal was found to be solidly resistant to the 
bovine virus. 


days 


Also, 2 calves were vaccinated on the evening of 
Aug. 17, 1952, in the laboratory with the same 
batch of vaccine which had been used during the 
day for the field test, and both animals were en 
tirely refractory to challenge with bovine rinder 
pest virus fourteen days later. 

All vaccinated animals were carefully observed 
at appropriate intervals after vaccination and no 
untoward reactions were observed. All animals 
had been horn-branded and registered at the time 
of vaccination. 

Following the successful completion of the pre 
liminary field trial, approximately 15,000 eattle 
were vaccinated in the area just south of the 
thirty-eighth parallel during November and De 
ecember of 1952, using the virus of the AEouRs 
through AE22.Rs passages, diluted and used as in 
the preliminary field trial. 

In November and December of 1953, approxi- 
mately 15,000 more cattle were vaccinated with 
the LA virus, using the A-E267 line, to maintain 
the immune belt below the thirty-eighth parallel. 
No adverse reactions to vaccination were reported 
following either of these two extensive projects. 
Since no rinderpest outbreaks have occurred in the 
Republie of Korea during these several years, no 
positive field evaluation of the efficacy of the vac 


TABLE 8—Summary of Results oy Tests of 

Pre- and Postvaccination Serums for Comple- 

ment-Fixing (c.f.) Antibody Content Taken 
During 1953 Vaccination Campaign 


Postvaccination 
serums 


Prevaccination 
c.f. serums 
Positive 0( 0.0%) 30 (64.5 %) 
Doubtful 7( 7.0%) 5 ( 8.7 %) 
Negative 93 (93.0%) 13 (27.0%) 
Total 100 48 
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cine has been proved. However, 100 prevaccinal 
and 48 postvaccinal serums were taken during the 
1953 vaecination campaign and tested for c.f. 
antibody in a manner identical to that followed 
for the field test of 1952, except that the 1953 
samples were collected fifteen and sixteen days 
after vaccination, instead of twenty and twenty 
one days after. Full results of these tests are re- 
ported in detail in the paper of Nakamura, Kishi, 
Kiuchi, and Reisinger,” but a brief summary is 
given in table 8. 

By means of these two types of tests 
(e.f. and v.n.), antibody response was dem- 
onstrated in a high percentage of vacci- 
nated animals. This seems to bear out re- 
sults of laboratory experiments, in which 
all vaccinated animals were immune to 


challenge with the virulent bovine rinder- 
pest virus. 


SUMMARY AND CONCLUSIONS 


1) Pathogenicity of the lapinized-avi- 
anized (LA) virus to calves is not appre- 
ciably influenced by numerous serial pas- 
sages in rabbits. This has been proved for 
more than 220 passages in the A-E2*t line, 
and 80 passages in the A-E226 line. These 
two lines are being continued. 

2) Inoculation of the rabbit-passaged 
LA virus causes little or no thermal reac- 
tion in the hypersusceptible Korean calves, 
and confers solid immunity against the bo- 
vine rinderpest virus. This immunity was 
still complete six months and twelve 
months following vaccination in 2 calves 
challenged at each period. 

3) After relatively few serial passages 
in rabbits, the LA virus regains pathoge- 
nicity for rabbits comparable to the path- 
ogenicity of the original lapinized parent 
strain. In the A-E224 line, mortality rate 
among inoculated rabbits was 5.6 per cent 
during the first twenty serial passages, and 
over 8) per cent after the thirtieth 
passage. 

4) More than 30,000 cattle were safely 
vaccinated with rabbit-passaged LA virus 
in the Republic of Korea during 1952 and 
1953. No adverse reaction was observed in 
any vaccinated animal. Immune response, 
as indicated by production of complement 
fixation and virus neutralizing antibodies, 
occurred in more than 90 per cent of the 
vaccinated animals. All of more than 120 
Korean calves vaccinated in the laboratory 
and subsequently challenged with bovine 
rinderpest virus were solidly immune. 


REISINGER 


5) The Nakamura LA strain of rinder- 
pest virus furnishes a safe and efficacious 
means of immunizing Korean cattle with- 
out the simultaneous use of serum. It is 
believed that this strain will prove of value 
in immunizing other hypersusceptible 
breeds of eattle. 
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A Study of Calcium in the Blood Serum of Egyptian Buffaloes 
Native and Crossbred Cattle 


HUSSIEN REDA, M.V.Sc., and HASSAN SALEM, Ph.D. 


Cairo, Egypt 


CLINICAL analysis of blood samples is not 
as widely practiced in veterinary medicine 
as in human medicine. 


LITERATURE CITED 

In the early work of Newton,” it was shown that 
the average total serum calcium content of the 
blood of cows was 9.16 mg. of caleium per 100 ce. 
of serum. Godden and Duckworth ° reported 10 to 
12 mg. per 100 ec. for the total serum ealeium in 
cattle: Jones® stated that the serum ealeium 
tended to be high in tropical cattle and found it 
from 10.1 to 12.9 mg. per 100 ee. Payne, Clark, 
and Kingman® observed an increase in the serum 
calcium level in bulls over that found in 
Their figures regarding age disagreed with those 
of Alleroft and Godden’ showing higher calcium 
values in young ealves than in their dams. Terri 
et al.’ confirmed the results of Alleroft and God 
den.’ Newton® stated that the calcium percentage 
in serum was higher in pregnant than in nonpreg 
nant cows, although Mullick and Pal‘ did not find 
any significant variation in the ecaleium during lae 
tation and pregnancy. Alleroft and Godden’ 
showed a slight decrease in the serum ealeium of 
blood of cows immediately before and at parturi 
tion. Duekworth and that the 
total serum calcium attained its highest level a few 
days before calving. Blesser and Smith* stated 
that the calcium in the blood serum dropped 20 
per cent in normally freshening cows at parturi 


COWS. 


Godden * showed 


tion. The calcium serum levels were 10.3 mg. of 
ealeium per 100 ce. of serum five days prepartum, 
8.7 mg. per 100 ce. at parturition, and 10.7 mg. 
per 100 ce. five days postpartum. 


MATERIAL AND TECHNIQUE 


The ¢etermination of total serum calcium was 
made on two herds belonging to the Faculty of 
Agriculture, consisting of 31 buffaloes and 24 
eattle (14 Egyptian and 10 crossbred Shorthorn). 
The experimental animals were males, nonpregnant 
and pregnant females. The estimations of caleium 
on pregnant eases were made during the whole 
period of gestation. 

Samples of blood were taken twice a week from 
all animals during the two months of the experi 
ment in which no females were pregnant. The 
drawing of the samples was continued monthly on 
pregnant cases (10 buffaloes and 10 eattle) until 
delivery, then weekly after parturition for a 
month. 


From the Faculty of Agriculture, Cairo University, 


Cairo, Egypt. 


Blood samples were taken from the jugular vein 
in clean tubes. The method used was that of 
Clark and Collip.* The calcium level was ealeulated 
as milligrams of calcium per 100 ce. of serum. 


RESULTS 


Buffaloes.—As far as the authors know, 
there were no reports in the literature on 


Calcium (%) 


TTT 


Time (months) Parturition 
Fig. 1—Calcium level of buffaloes during preg- 


nancy and after parturition. 


the calcium content of the buffalo’s blood. 
Normal buffaloes gave a calcium level be- 
tween 8 to 12 mg. per 100 ce. with an aver- 
age of 10 mg. per 100 ce. of serum. 

Table 1 shows the averages of calcium 
level in the experiments on males, non- 
pregnant females, heifers, and calves. 


Egyptian native cattle 


= 


- Crossbred Shorthorn cattle 


Calcium (%) 
itt, > 


Time (months) 


Fig. 2—Calcium level of Egyptian native cattle 
and of crossbred Shorthorn cattle. 
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TABLE 1—Mean Average Calcium Level in Buffaloes and Cattle 


No. of 
Animals Sex Age 


Calcium level (mg. per 100 ce. serum) 


(Max.) (Min.) 


BUFFALOES 


Bulls 
Cows 
Heifers 
Calves 


years 
3to8 years 
4 to 18 months 
3to6 months 


11.7 

9.6 
10.8 
10.2 


I+ I+ 1+ 1+ 


+ I+ + 


EGYPTIAN CATTLE 


Bulls 
Cows 
Heifers 


Calves 6 


6 to 10 years 
4 to 10 years 
12 to 18 months 
months 


10.7 

8.9 
10.3 
10.2 


i+ I+ I+ 


CROSSBRED C 


Bulls 5to9 
Cows 4to7 
Heifers 12 
Calves 6 


years 
years 

months 
months 


Experiments were done also to estimate 
the serum calcium during the period of 
pregnancy and after parturition (table 2). 
The calcium level was estimated monthly 
during pregnancy until one week before 
parturition. After parturition, the caleium 
was tested weekly for one month. 

From figure 1, it is seen that the serum 
ealecium level during pregnancy started 
rather low, about 9.0 mg. per 100 ce. of 
serum in the early pregnaney, and in- 
creased gradually, reaching the maximum 
of 11.5 mg. per 100 ec. about one week be- 
fore delivery. After parturition, it de- 
creased to 7.5 mg. per 100 ec., then gradu- 
ally increased to normal. 

Cattle-——The above experiments were re- 
peated on Egyptian cattle and on crossbred 
Shorthorns for comparison. Normal Egyp- 
tian eattle gave a range of 7.3 to 11.0 mg. 
of caleium per 100 ce. of serum, with an 
average of 9.2 mg. The crossbred cattle 
gave a range of 7.0 to 10.1 mg. per 100 ee. 
with an average of 8.5 mg. 


Table 1 indicates the averages of calcium 
level in experiments on males, nonpregnant 
females, and young cattle. From table 2, 
it appears that the calcium Jevel in the 
crossbred animals was less than that in the 
Egyptian animals. The calcium level dur- 
ing pregnancy and after parturition was 
also estimated (table 2 and fig. 2). 

The curves of the calcium level during 
pregnancy and after parturition in the 
Egyptian cattle, the crossbred cattle, and 
the buffaloes were parallel. 


DIscUSSION 


In general, the total caleium level in the 
serum of buffaloes was higher than in the 
cattle, either native or crossbred. The eal- 
cium level of normal Egyptian cattle is 
close to those of Newton.* The serum eal- 
cium level of the crossbred eattle was less 
than that of the Egyptian cattle. These 
results agreed with those of Jones.°® 

Diurnal and individual variations in the 
ealcium levels of normal animals were no- 


TABLE 2—Mean Average Calcium Level During Pregnancy and After Parturition 


Calcium Level (mg. per 100 cc. of serum) 


Pregnancy (months) 


6 7 8 


Postpartum (weeks) 


9 10 part. 


BUFFALOES 


10.1 
+.4 


6 


7.6 
+.3 


EGYPTIAN CATTLE 


9.9 


10.4 


7 
= 


‘ROSSBRED CATTLE 


9.9 


3 
562 
j 
A 0.4 9.7 0.7 11.2 + 0.4 
11 0.4 8.2 0.3 9.1 + 0.5 § 
9 0.8 9.0 0.4 10.3 + 0.3 3 
7 0.5 8.8 0.6 9.8 + 0.5 : 
; 
4 
4 0.4 9.0 + 0.4 10.2 + 0.3 ‘ 
6 0.5 7.7 + 0.3 84+ 0.4 
2 0.3 8.5 + 0.5 9.5 + 0.1 3 
2 0.5 0.4 9.5 + 0.6 
3 10.0 + 0.1 8.2+ 0.4 9.4 + 0.5 
4 8.6 + 0.5 7.0 + 0.2 8.0 + 0.5 ‘ 
1 10.0 7.2 8.5 
2 98+ 0.4 7.9+0.1 8.9+ 0.1 
2 3 4 5 1 2 4 
9.1 9.1 9.3 9.4 9.7 na 10.7 11.5 8.2 8.8 9.0 8.8 
+.4 + .3 +.4 +.5 +.5 + .6 +.5 +.4 +.5 + .8 + .5 
8.3 8.3 8.5 8.7 9.0 9.5 iz iz 0 7.5 8.0 8.0 8.5 
+.7 +.4 +.8 +.4 +.5 +.5 +.2 +.5 + + .7 +.4 +.6 
7.8 7.8 8.0 8.3 8.6 8.9 9.5 = 6.9 7.4 7.8 7.9 8.0 ‘ 
+ .3 +.4 +.8 +.6 + .6 +.6 +.3 +.1 + .5 + .2 .5 +.4 +.4 
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ticed. One of the buffaloes gave about 6.4 
mg. of calcium per 100 ee. of serum on the 
ninth month prepartum, which was about 
half the normal amount. Also, the same 
buffalo gave about 12.5 mg. of calcium per 
100 ec. of serum when tested on the first 
week postpartum. This figure was very 
high compared with the normal levels. It 
is doubtful whether any significance should 
be attached to this variation since it was 
shown by only 1 buffalo. 

The results in the buffaloes were similar 
to those of the Egyptian and crossbr2d eat- 
tle. Males had higher levels of calcium 
than females and age had no influence on 
the serum ealcium levels. This agrees with 
Payne and Clark.® Pregnant cows or buf- 
faloes gave a higher calcium level than the 
nonpregnant cows. When the calcium level 
was estimated during the period of gesta- 
tion, it decreased gradually reaching its 
maximum in very late pregnancy, then fell 
below the normal level after parturition, 
and gradually rose again. 


SUMMARY 


1) Egyptian buffaloes had an average 


total calcium level of 10 mg. per 100 ce. of 
serum, which was higher than the Egyp- 
tian cattle with about 9.2 mg. per 100 ee. 


and the crossbred cattle with about 8.5 
mg. of calcium per 100 ee. of serum. 
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2) Males had higher calcium levels than 
females, and pregnant animals had a 
higher level than nonpregnant animals. 

3) The calcium level inereased during 
the period of gestation, reaching a maxi- 
mum level a week before parturition, fall- 
ing below normal after parturition, then 
later rising to normal. 
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Control of Pasture-Acquired Infections of Nematodirus 
Spathiger and Haemonchus Contortus in Lambs 
with Phenothiazine-Salt Mixture 
J. H. TURNER, M.S., and M. L. COLGLAZIER, B.A. 

Beltsville, Maryland 


As A SEQUEL to the elucidation of the path- 
ogenicity of Nematodirus spathiger, a com- 
mon trichostrongylid nematode of sheep, 
by Kates and Turner,® experiments were 
undertaken on the chemotherapeutic con- 
trol of this species. A 1:9 phenothiazine- 
salt mixture, administered free-choice, was 
chosen as the test regimen largely because 
of the promising result of an earlier exper- 
iment * in which Nematodirus spp. were 
incidentally involved and partly, also, be- 
cause of the wide reliance that is placed 
upon this regimen as a general parasite- 
control measure. Despite scattered reports 
of a variable efficacy against Nematodirus 
spp. of a few well-known drugs, namely, 
phenothiazine, carbon tetrachloride, tetra- 
chlorethylene, hexachloroethane, and eunic 
drench, none of these, used therapeutically, 
is of uniform or established efficacy and the 
employment of one or another of them in 
this manner seemed, therefore, to offer lit- 
tle, if any, prospect of successful control. 
In Swales’ report ® on experiments some- 
what similar to those reported herein, in 
which he tested the value of phenothiazine- 
salt mixture for the control of natural in- 
fections of several sheep nematodes, the 
results concerning the control of Nema- 
todirus spp. were ineonclusive, probably 
because of the small numbers of these 
worms present in his animals. 

Although the experiment reported 
herein was originally designed to test the 
efficacy of a phenothiazine-salt mixture 
against pure N. spathiger infections in 
lambs on pasture, the experimental lambs 
unavoidably acquired infections of Hae- 
monchus contortus, the large stomach 
worm of sheep. However, this afforded the 
opportunity to study the interaction of 
these species in lambs having access to (1) 
phenothiazine-salt mixture and (2) salt 
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Service, 


only. Certain results of these studies have 
been briefly reported in abstract form.’:* 
The studies were carried out during sue- 
cessive years, 1951 and 1952; therefore, ihe 
procedures employed and results obtained 
are discussed as the ‘‘first trial’’ (first 
vear) and ‘‘second trial’’ (second year). 


EXPERIMENTAL PROCEDURES 


First Trial——For this experiment a %4-acre pas 
ture j 
spathiger was divided into two comparable 4-acre 
There 


available a %4-acre uncontaminated pasture, which 


naturally contaminated with larvae of N. 


pastures by a woven wire fence. was also 
had not been grazed by sheep for several seasons, 
comparable in other respects to two %4-acre con 
taminated pastures. 


consisted mainly of Kentucky Blue grass and mixed 


The forage on these pastures 


wild grasses. 

Early in May of the first 
mixed breed, approximately 2 months old, were di 
vided into three groups of 4: lambs each; the total 
weight of group 
when placed on the pastures. These three groups 
were designated A (treated, on contami 
nated pasture A), group B (untreated, on contam 
inated pasture B), and 
clean pasture C). 


year, 12 lambs of 


each was approximately equal 


group 


(untreated, on 
The lambs of group A had ae 
at all times to a 1 
ture to which was added a small amount of grain, 
the mixture being placed in a 
box. 


group © 


cess :9 phenothia’ine-salt mix 
readily aecessible 
The other two groups were offered salt only 
in the same manner. The average consumption of 
phenothiazine per lamb for the duration of the 
experiment 0.504 0.04 Gm. of the 
mixture, per day for group A. The lambs of group 


was Gm., or 
B consumed 4.59 Gm. of plain salt per lamb per 
day. Consumption of salt by group C lambs (4.32 
Gm.) did not that of 


differ significantly from 


group B lambs. 

The lambs 
symptoms of parasitism and, on a basis, 
hematocrit and deter 
mined and differential fecal egg counts made. All 


were observed daily for clinical 


weekly 
levels body 


weight were 


possible precautions were taken to prevent ex 
traneous and cross contamination of the pastures 
during the course of the experiment. 

On July 16, about midway in the course of the 
experiment, 2 lambs, with high egg counts, from 
each of groups A and B were killed in 
compare the parasite burdens of the 


these two pastures. 


order to 
lambs on 
This ended the first phase of 


564 


i 
| 
i 
| 
j 


AM. J. VET. RES. 
OcTOBER 1954 


the experiment at eleven weeks. The lambs chosen 
for examination were those showing the highest 
counts of H. contortus eggs; all but 1 had higher 
N. spathiger egg counts than the lambs not de- 
stroyed. Thereafter, 2 lambs from pasture C were 
placed on each of pastures A and B for the remain 
ing six weeks, the second phase of the trial. These 
lambs at the time of transfer had developed light 
H. contortus infections. The transfer of lambs 
from pasture C to pastures A and B was done to 
ascertain the rapidity and extent of acquisition of 
parasitic infections in lambs, exposed and unex 
posed to phenothiazine-salt mixture, during the 
latter part of the grazing season and, incidentally, 
to increase the number of principals and controls. 
The experiment was terminated late in August, 
the seventeenth week after lambs were first placed 
on the pastures, at which time the lambs were 
killed and their parasites recovered and counted. 
Second Trial.—This was essentially a duplica 
tion of the first trial, except for certain necessary 
changes, but the duration was twenty-four weeks 
instead of seventeen. The same pastures were used. 
They were unoccupied from late August of the 
first year to early May of the second year, at 
which time the second trial began. However, the 
arrangement was changed in that the fence divid 
ing pastures A and B was placed at right angles 
to its location the preceding year. This was done 
to secure an equivalent carry-over contamination 
of parasite larvae from the preceding year. It had 
been evident from the results of the first trial that 
the lambs the 
original pasture A than on B (fig. 1). Moreover, 
to replenish the contamination of \. spathiger on 
pastures A and B, about 100 |b. of droppings con 
taining eggs of this parasite, obtained from ex 


fewer eggs were deposited by on 


perimentally infected lambs, were equally divided 
and distributed over the two pastures. Pasture C 
remained unchanged, except for the residual carry 
over of larvae from the preceding year. 

Early in May of the second year, 12 Shropshire 
of di 
comparable weight 


lambs, approximately 2 months 
vided, before, into three 
groups of 4 lambs each. The same group and pas 
ture designations were used, the lambs of group A 
having aecess to phenothiazine-salt mixture, while 
those of groups B and © were offered salt only. 
The average consumption of phenothiazine per 
lamb for the duration of this experiment was 
0.282 Gm., or 2.82 Gm. of the mixture, per day 
for group A. The lambs of group B consumed 
3.23 Gm. and those of group C, 3.27 Gm. of plain 
salt per lamb per day. Both the phenothiazine 
and the salt consumption in this trial was lower 
than in the first trial. 

Additional data were obtained this trial 
the live careass grades of the surviving lambs at 
the termination of the experiment. 


were 


age, 


as 


in on 


extended to 
L. Clark of 
Agricultural 


* Acknowledgment for these services is 
Messrs. D. A. Spencer, C. G. Potts, and R 
the Animal Husbandry Research Branch, 
Research Service, U.S.D.A Beltsville, Md 
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Finally, because of drought and inadequate 
forage, supplemental feed consisting of 14% Ib. of 
alfalfa hay per lamb per day was offered to each 
group from July 31 to September 26. Late in 
October, after twenty-four weeks on pasture, the 
surviving lambs were killed and their parasites 
recovered and counted. 

Laboratory Procedures.— The procedures em- 
ployed were uniform during both trials. Blood was 
collected by jugular vein puncture, and the packed 
red cell volume-in percentage (hematocrit) was 
determined by standard hematological methods. 

Fecal specimens were obtained rectally and 
differential counts of H. contortus and N. spathi- 
ger eggs were done by the direct centrifugal flo 
tation method, with saturated saline solution 
the flotation medium, as described by Turner.’ The 
abbreviation ‘‘e.p.g.’’ used herein refers to eggs 
per gram of feces counted by this method. 

When lambs died or were killed at the end of 
the experiments, all possible care was taken to re 
cover all immature and mature worms from the 
gastrointestinal tract. The worms and ingesta ob 
tained from the abomasum and small intestine of 
each lamb were placed in 
physiological saline solution was added and, after 
sedimentation, some of the coarser particles of in- 
gesta were removed earefully decanting ine 
supernatant fluid. Thereafter the material from 
each organ was stored in jars, to which dilute 


as 


separate containers, 


by 


formalin was added as a preservative, until the 
worm made. In the worm 
added to the material the 
jars to attain a standard volume of 2,000 ml. and, 
total 
after thorough 


counts were doing 


counts, water was in 


from this volume, 2, 20-ml. aliquots were 


taken The 
these samples were identified and counted, and the 


mixing. helminths in 


TABLE i—Weight Gains or Losses of Medi- 
cated and Unmedicated Lambs on Contami- 
nated Pastures During First and Second Trials 


Total weight (lb.) 


Group 
A 
(medi 
cated ) 


Group 
Weeks No B 
on of 
pasture lambs 


Period 
on 


pasture (unmed. ) 


4 May 5 7.0 
to 
July 16 


Change 


August 28 
Change 


July 17 
to 
August 28 
Change 


Second May 8 109.5 
to 
October 27 


Change 


164.0** 
54.5 


24 


lamb died August 20; terminal weight included; 
lamb died September 30; terminal weight included 


Trial 
First 0 
11 
45.5 41.5 
0 2 May 5 59.5 66.5 
to 
17 2 93.5 64.0* e 

34.0 95 

4 107.0 99.5 

101.0 73.0 

6.0 °6.5 
98.0 
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total number present in the individual lambs were 
ealeulated by using the proper dilution factor. 
When the number of nematodes was too small to 
count with reasonable accuracy by this dilution 
method, direct counts were made of all the worms 
present. 

RESULTS 


Because the results obtained in these 
trials are presented rather fully in tables 
1 and 2 and in figures 1 to 5, and to a con- 
siderable extent are self-explanatory, only 
general trends, main points of interest, and 
data not presented in the tables and figures 
will be discussed. 

First Trial—Oncee substantial infections 
were established in the lambs grazing the 
contaminated pastures, the animals on the 
phenothiazine-salt mixture (fig. 1 A, B, C) 
had lower feeal egg counts of N. spathiger 
and H. contortus throughout the experi- 
ment than the comparable lambs on salt 
only (fig. 1 A’, B’, C’). The early peak of 
N. spathiger egg counts in June and the 
much later peak of H. contortus egg counts 
in lambs of groups A and B showed that 
the initial contamination of the pastures 
was heavy with N. spathiger larvae but 
very light with HH. contortus. The egg 
count data recorded for 2 lambs on contam- 
inated pastures A and B for the first eleven 
weeks of this trial (fig. 1 A, A’) are essen- 
tially the same as those recorded in the 
graphs involving 4 lambs over this same 
period (fig. 1 B, B’). These 2 lambs, how- 
ever, remained on the contaminated pas- 
tures for the full term of the experiment. 
The trend of egg counts for the medicated 
lambs, which were initially exposed to pas- 
ture A and remained thereon either for 
eleven or seventeen weeks, was that the N. 
spathiger egg counts reached an early peak 
and then declined to low levels in a few 
weeks, whereas the H. contortus egg counts 
were initially very low, rising to only mod- 
erate peaks in later weeks (fig. 1 A, B). 
The trend of the egg counts for the unmed- 
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icated lambs, comparable to those above, 
was initially the same but, in later weeks 
of the experiment, the N. spathiger egg 
counts rose to much higher peaks than in 
the medicated lambs (fig. 1 A’, B’). Al- 
though the H. contortus egg counts in- 
ereased more rapidly in the 2 pairs of 
lambs placed on pastures A and B in mid- 
summer (fig. 1 C,C’) than in the original 
lambs on these pastures, the egg count 
trend for these medicated and unmedicated 
lambs was similar to that for the others on 
the same pastures. From the egg count 
data alone, therefore, the control value of 
the medication was clearly demonstrated 
for both parasite species. Lamb 214 from 
pasture B died during the sixteenth week 
of this trial. The highest feeal egg counts 
(fig. 2) and the greatest number of N. 
spathiger (fig. 3A) were obtained from 
this animal. 

Weight changes (table 1) of the lambs 
employed in this trial showed group A 
lambs gained 4 lb. more than group B 
lambs by July 16. The weight differential 
between the medicated and unmedicated 
pair of lambs remaining on the pastures 
seventeen weeks was 36.5 lb. Although 
both pairs of lambs transferred to pastures 
A and B on July 17 lost weight, the termi- 
nal total weight loss of the unmedicated 
lambs was 20.5 lb. greater than for the 
medicated lambs. All lambs of pasture A 
on medication maintained better weights 
than unmedicated lambs on pasture B. 
Group C lambs, however, on the clean pas- 
ture and without the benefit of medication 
gained 44.0 lb. more than group A lambs 
during the first eleven weeks on pasture. 

Diarrhea occurred in the unmedicated 
lambs on pasture B during the period indi- 
eated (fig. 1 A’, C’; 3A), whereas there 
was no diarrhea in the medicated lambs. 

The red blood cell level changed little in 
the medicated lambs on pasture A during 
the first eleven weeks, average hematocrit 


TABLE 2—Parasites Recovered* at Autopsy of All Lambs Exposed to Contaminated Pas- 
tures A and B During First and Second Trials 


Pasture A 
(medicated ) 


Trial 


First** 


Parasites 
Vematodirus spathiger 


Haemonchus contortus 


Second?t Nematodirus spathiger 


Haemonchus contortus 


* Total worm counts include both immature and mature worms; 


centage of total. 


18,130 (44 %) 
16,809 (47 %) 
28.300 (504% 
6,300 (33 


Worm-count-ratio 
(pasture A to B) 


Pasture B 
(unmedicated ) 


518,700 (483 %) 


55,495 (71 %) 


101,600 (33 %) 
190,200 (90 &%) 


immature wo 


** 6 lambs on each pasture; + 4 lambs on each pasture 


a 
| 
7 
a 
1: 28.0 
1: 3.6 
1: 30.0 
Ms are given as per ‘ 
4 4 4 
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levels decreasing only slightly from 35.5 to 
31.0 per cent, whereas the average hemato- 
erit level decreased significantly in the un- 
medicated lambs on pasture B over the 
same period, falling from 34.7 to 25.5 per 
cent. During the last six weeks, the aver- 


PASTURE A (2 Lames) 

(PHENOTHIAZINE & SALT) 
§=NEMATODIRUS 
HAEMONCHUS 
FIRST TRIAL 
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age hematocrit level of lambs on pasture A 
dropped from 31.2 to 26.2 per cent, whereas 
that of lambs on pasture B fell from 29.9 
to 9 per cent. The hematocrit level was 
estimated to be less than 8 per cent in the 
lamb (214) that died. Thus, a slight ane- 


80 


PASTURE B(2.ames) / 
(SALT ONLY) / 
NEMATODIRUS 
HAEMONCHUS 


FIRST TRIAL 


70 


PAST. A (2 Lames) 
(PHENO. & SALT) 
NE MAT 
HAEM 

FIRST TRIAL 


FECES (100) 


OF 


GRAM 


PASTURE B (2 ames) / 

(SALT ONLY) v 

NEMATODIRUS 

HAEMONCHUS 
FIRST TRIAL 


PER 


EGGS 


AVERAGE 


10 


SCOURS 


! 
! 
! 
! 


SCOURS 


T 4 T 6 


' 


2 


PASTURE A (4 ames) 
t (PHENOTHIAZINE-SALT) 
5 NEMATODIRUS 


HAEMONCHUS 
FIRST TRIAL 


PASTURE B (4.ames) 
(SALT ONLY) 
NEMATODIRUS 
HAEMONCHUS 
FIRST TRIAL 


Bit 


| 

| 

WEEKS 


* A, A’, lambs exposed entire 
including those of A and A’; iC, Cr 


experimental period ; 
lambs transferred to contaminated pasture 


ON 
+B, B’, 


PASTURE 


lambs exposed during weeks, 


first eleven 
and exposed during 


last six weeks. 
One lamb died August 20, sixteen weeks after being placed on pasture. 


Fig. 


{1—First trial, average weekly differential egg counts of lambs on contaminated 


pastures. 
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mia developed in the medicated lambs and 
an acute anemia in the unmedicated lambs. 

The postmortem worm counts obtained 
from the medieated and unmedicated 


wo 
i 


@ 


LAMB 214 
NEMATODIRUS 
HAEMONCHUS 


(S4LT ONLY) 


(5 May — 20 


FIRST TRIAL 


wn 


EGGS PER GRAM OF FECES (x100) 
fo} 


w 


4 6 8 10 12 14 
WEEKS ON PASTURE 
Fig. 2—First trial, weekly differential egg 
counts of lamb dying near end of trial; lamb 


scoured over five-week period prior to death. 


T 


lambs (table 2, first trial), showed the ben- 
eficial effect of the medication, as did also 
the fecal egg-count data and clinical ob- 
servations. The unmedicated lambs har- 
bored 28 times more N. spathiger, and 3.3 
times more H. contortus than those medi- 
cated. Although the percentage of imma- 
ture N. spathiger recovered was about the 
same in both groups of lambs, a consider- 
ably higher pereentage of immature /1/. 
contortus was recovered from the unmedi- 
cated lambs than from those receiving 
medication. There was great variation in 
the numbers of worms of both species re- 
covered from individual lambs of both 
groups. For example, individual lambs 
from pasture A harbored from 0 to 7,700 
N. spathiger and from 280 to 6,080 H. con- 
tortus; those from pasture B harbored 
from 2,600 to 260,000 N. spathiger and 
from 4,260 to 24,500 H. contortus. The 
very small numbers of Strongyloides papil- 
losus, Ostertagia spp., Trichuris ovis, and 
Moniezia expansa recovered from the lambs 
are not recorded, as they were not consid- 
ered of any significance in this experiment. 
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Second Trial—In this trial, the medi- 
eated lambs (fig. 4A) had lower fecal 
counts of N. spathiger and H. contortus 
eggs throughout the experiment than the 
comparable lambs on salt only (fig. 4 B). 
As in the first trial, the fecal egg count 
data showed the excellent survival of NV. 
spathiger larvae and poor survival of H. 
contortus larvae over winter, particularly 
in the unmedicated pasture B lambs. Av- 
erage egg counts were much lower for med- 
icated, pasture A lambs than for compar- 
able lambs during the first trial. The egg 
count data for the 2 lambs dying from 
parasitism on pasture B (fig. 5 A, B) 
showed a rapid increase of NV. spathiger in- 
feetions to a high level but a considerable 
delay in acquisition of heavy H. contortus 
infections. The lambs on clean pasture C 
developed light infections of N. spathiger 
and H. contortus during the latter weeks 
of the experiment, as a result of unavoid- 
able contamination. 

Lamb 322 (fig. 3 C,5 B) developed diar- 
rhea intermittently with mushy feces dur- 
ing the last three weeks of the experiment, 
and mushy feces were noted daily in lamb 
364 (fig. 3B) three weeks prior to its 
death. Feces were normal for the other 2 
lambs on this pasture and those of groups 
A and © throughout the course of the ex- 
periment. 

After twenty-four weeks on pasture, the 
total weight of the medicated lambs was 
43.5 lb. greater than the total weight of 
those not medicated (table 1, second trial). 
The lambs on clean pasture C (fig. 3 B- 
solid line) gained 91 lb. more than the un- 
medicated lambs on pasture B and 47.5 Ib. 
more than the medicated lambs on pasture 
A. Average weight gain per lamb for the 
24-week period was group A, 24.5 Ib.; 
group B, 16.8 lb.; and group C, 36.4 lb. 

The lambs on pastures A and C showed 
no evidence of anemia throughout the ex- 
periment. Evidence of anemia began to 
appear in group B lambs during the 
twelfth week after which the anemia grad- 
ually beeame more acute. Lamb 364 died 
during the twenty-first week and lamb 322 
was in extremis at the termination of the 
experiment; terminal hematocrit levels of 
these lambs were 9 per cent or less. 

The postmortem worm counts obtained 
from the medicated and unmedicated 
lambs (table 2, second trial) showed the 
beneficial effect of the medication as in the 
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LAMB 302 on cLEAN PASTURE 
LAMB 322 on PASTURE 


(8 MAY —27 OCT) 
SECOND TRIAL 


~ 


WORMS AT AUTOPSY* 


NEMATODIRUS - 29,7 IN EXTREMIS 
HAEMONCHUS- 83,300 
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Worms recovered postmortem from fatal cases inserted; worm burden of lambs on clean pasture not 
significant. * Lamb 218 on clean pasture only during eleven weeks, first trial 


Fig. 3—First and second trials, weight data of 3 fatal cases among unmedicated lambs 
compared with comparable lambs on clean pasture. 
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PASTURE Lamas) 
(SALT ONLY) 

NEMATODIRUS 

HAEMONCHUS 

(8 MAY -27 OCT.) 

SECOND TRIAL 


AVERAGE EGGS 


T T 


T T 
12 14 24 
WEEKS ON PASTURE 
*On pasture B 1 lamb (364) died during twenty-first week and 1 lamb (322) was in extremis at end 
of experiment (fig. 5). 
Fig. 4—Second trial, average weekly differential egg counts of lambs on contaminated 
pastures. 
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LAMB 364 (SALT ONLY) 
NEMATODIRUS 
HAEMONCHUS 


(8 MAY - 27 OCT.) 
SECOND TRIAL 
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LAMB 322 (sact onty) 
NEMATODIRUS 

——— HAEMONCHUS 

(8 MAY-27 OCT) 

SECOND TRIAL 


WEEKS ON PASTURE 


* Died. + Killed in extremis. 
Fig. 5.—Second trial, weekly differential egg counts of 2 unmedicated lambs on contam- 
inated pastures. 
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first trial. The unmedicated lambs har- 
bored 3.6 times more N. spathiger and 30 
times more H. contortus than the medi- 
eated lambs; the worm ratios, therefore, 
were approximately reversed in regard to 
the two parasite species in the two trials. 
Similar to the first trial, however, there 
was great variation in numbers of worms 
of both species recovered from individual 
lambs in both groups. Individual lambs 
from pasture A harbored from 650 to 
11,800 N. spathiger, and 550 to 3,300 H. 
contortus; those from pasture B harbored 
from 4,300 to 63,100 N. spathiger and from 
5,000 to 85,100 H. contortus. The percent- 
age of immature worms was approximately 
the same as in the first trial. Insignificant 
numbers of a few other species of parasites 
were recovered from these lambs as in the 
first trial. 

At the end of this experiment, carcasses 
of all lambs were graded antemortem as 
‘‘choice,’’ ‘‘good,’’ ‘‘medium,’’ ‘‘com- 


mon,’’ or ‘‘eull.’’ The grades for lambs on 


pasture A were good and medium, averag- 
ing a half grade below good, whereas the 
grades for lambs on pasture B were good, 
medium, and eull, averaging common. The 


grades for lambs on pasture ( were choice 
and good, averaging a half grade above 
good. 


DISCUSSION 


It is apparent from the data that a 1:9 
phenothiazine-salt mixture reduced the 
depredations of N. spathiger and H. con- 
tortus in combined, massive, naturally ac- 
quired infections. In the two trials 
recorded, the unmedicated lambs on con- 
taminated pastures acquired severe para- 
sitic infections that led to diarrhea, ane- 
mia, retarded growth, and death. The 
treated lambs, on the other hand, showed 
much less parasitism and remained in bet- 
ter condition than the untreated lambs on 
contaminated pastures. Nematodirus spath- 
iger infections which, normally, are self- 
limiting by the fourth week after expo- 
sure,* exhibited exacerbations and also a 
prolongation of high levels of egg output 
when associated with gross H. contortus 
infections. Taylor ® pointed out that lambs 
maintained on adequate diet have a defi- 
nite advantage in developing resistance to 
parasitic infections as compared to those 
having access to insufficient or inadequate 
forage. The trials discussed herein indi- 
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eate that similar results may oceur when 
animals harbor heavy infections of more 
than one parasite, since the resistance to 
N. spathiger seems to have been lowered 
by the presence of large numbers of H. 
contortus. 

The phenothiazine-salt mixture seem- 
ingly produced a dual, beneficial effect: 
(1) directly, by limiting the numbers of 
N. spathiger and (2) indirectly, by con- 
trolling the deleterious influence of concur- 
rent H. contortus infections on the resist- 
ance of lambs to N. spathiger infections. 
In the medicated lambs, in which H. con 
tortus infections were controlled, the V. 
spathiger infections were comparatively 
low grade and followed their presumably 
normal course. 

Better control of H. contortus was noted 
in the medicated lambs during the second 
trial. Sinee infective N. spathiger larvae 
are hardier and less susceptible to winter 
kill than infective H. contortus larvae,’ the 
earlier peak of egg output of the former 
and the delayed build-up of infection with 
the latter species reported herein were to 
be expected. The relatively high egg pro- 
duction peak of H. contortus in the medi- 
eated lambs of the first trial, moreover, 
was due to the fact that 1 lamb exhibited a 
maximum of 6,512 e.p.g., while the other 
showed a maximum of less than 1,000 e.p.g. 
Although the amount of phenothiazine in- 
dividually consumed was not determined, 
it is a plausible hypothesis that the lamb 
in the first trial with the unusually high 
H. contortus egg count did not consume 
enough of the chemical to establish anthel- 
mintie benefits. 

In both trials, total worm counts were 
higher in the untreated lambs on contami- 
nated pastures, than in treated ones on 
comparable pastures. The lower ratio of 
N. spathiger recovered from the medicated 
and unmedicated lambs of the first trial as 
compared to the second was probably due, 
in part, to a greater consumption of the 
phenothiazine by the treated lambs of the 
first trial and, in part also, to a lower ini- 
tial concentration of these worms on pas- 
ture. The vast difference in H. contortus 
ratios in the two trials indicates that a 
much greater pasture infection of this par- 
asite was present the second year than dur- 
ing the first. Significant control, however, 
was achieved both years in the medicated 
groups. 
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In both trials, a slightly higher percent- 
age of immature N. spathiger was recov- 
ered from the medicated lambs than from 
the unmedicated lambs. This may mean 
that fewer N. spathiger developed to ma- 
turity in these lambs because of the effect 
of the medication. On the other hand, 
higher percentages of immature H. con- 
tortus were recovered from the unmedi- 
cated lambs, which may be indicative of 
some efficacy of the drug against immature 
H. contortus under the conditions of this 
experiment. It may also be implied that 
these lambs were exposed to heavier con- 
tamination of this species and that many 
worms were spontaneously eliminated be- 
fore or after reaching maturity, due prob- 
ably to some acquired immunity response. 

Proof of the beneficial action of the phe- 
nothiazine-salt mixture against spathi- 
ger was shown by the greater weight gains, 
the absence of diarrhea and death, and the 
suppression of the clinical aspects of nema- 
todirosis in lambs on this regimen in com- 
parison with lambs denied this protection. 

Despite the significantly greater weight 
gains of the medicated lambs on contami- 
nated pasture, as compared to their un- 
medicated controls, it is evident that the 
best gains were registered by the unmedi- 
cated lambs that were on comparatively 
parasite-free pastures. The advantages of 
the medication, although marked, seemed, 
therefore to be insufficient to offset the dis- 
advantage of heavy exposure to parasitism. 


SUMMARY 


Two similar trials on pasture during two 
successive grazing seasons were carried out 
to test the efficacy of a 1:9 phenothiazine- 
salt mixture against combined natural in- 
fections of Nematodirus spathiger and 
Haemonchus contortus. A total of 12 Jambs 
were employed in each trial. Lambs were 
grazed on parasite-contaminated pastures 
with one group receiving the medicated 
mixture, the other having access to salt 
only. A control group of comparable lambs 
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was also maintained on a comparatively 
parasite-free pasture. 

Lambs on medication consistently dis- 
played lower degrees of parasitism, better 
weight gains, fewer abnormal stools, and 
higher hematocrit levels than untreated 
lambs on contaminated pastures. Further- 
more, untreated lambs on comparatively 
parasite-free pasture made even greater 
weight gains than did the treated lambs on 
contaminated pastures. No fatalities oc- 
curred in either the medicated groups or in 
the untreated control group on clean pas- 
ture, whereas 2 died and another was 
killed in extremis in the unmedicated 
groups on coniaminated pastures. 

Weekly fecal egg counts indicated in 
some lambs with mixed infections that the 
H. contortus not only reversed the normal 
self-limiting course of N. spathiger infee- 
tions but caused exacerbation and pro- 
longation of nematodirosis. The results of 
these tests suggest that the phenothiazine- 
salt regimen is of some direct value in the 
control of N. spathiger, and particularly 
beneficial when coexistent H. contortus in- 
fections are present. 
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LITERATURE CITED 

The history of vaccination of sheep against en 
terotoxemia has been reviewed in detail by Muth 
and Morrill,’ Wilson and Miles,*? and Whitlock and 
Fabricant.’ It will suffice to state that Bennetts * 
and Gill® were among the first to report the value 
of formolized vaccine in protecting lambs against 
this disease. 

Since the studies reported above, the vac- 
cine has attained appreciable attention and 
world-wide use. As evidence of the demand 
for this product, there are about 12 pro- 
ducers in the United States. During the 
period of June 1952-June 1953, about 21% 
million doses were produced. 

It is not within the scope of this paper to 
consider the value of this type of vaccine 
under field conditions. Our objective was 
rather to study the troublesome local reae- 
tions produced by this vaccine with the 
hope of minimizing this important disad- 
vantage without affecting the efficacy of 
the product. 

saldwin © pointed out that local reaction 
to vaccination may persist for thirty days, 
necessitating trimming the lesion from the 
eareass if the animal is marketed within 
that period. Our experience with the vae- 
cine produced in our laboratories, as well 
as with others available in the United 
States, indicates that local reactions are 
quite persistent and confirm Baldwin’s 
work. 

The vaccines presently available com- 
mercially are alum-precipitated, formo- 
lized whole cultures. The following studies 
were carried out to observe, under con- 
trolled conditions, the severity and fre- 
quency of local reactions produced by this 
type of product, and the effects of omitting 
alum on the occurrence of reactions and the 
immune response. 


From the Lederle Laboratories 
Cyanamid Co., Pearl River, N. Y. 

The authors are indebted to Dr. Frank Wilcoxon for 
statistical analyses, and to Mr. R. H. Katt and Mr. S. C 
Griffith for technical assistance. 


Division, American 


THE EFFrect oF ALUM PRECIPITATION ON THE 
SEVERITY OF LOcAL REACTIONS TO CLOSTRIDIUM 
PERFRINGENS D VACCINE 

Materials and Methods.—A small lot of vaecine 
was produced according to the procedure described 
by DeMello and his associates.” Half of the ma 
terial was precipitated with 0.75 per cent K 
Al(SO,)2 -12H:.0 while half was not alum pre- 
cipitated (anaculture). 

Vaccination of Lambs. 
about 6 to 8 months old, were divided into two 
groups of 12 each. In one group each received 5 
ml. of anaculture; in the other each received 5 ml. 
of alum-precipitated vaccine. All injections were 
made subcutaneously, just back of the elbow on the 
left side, on June 22, 1953. All animals were ob- 
served for twenty-three days. 

Table 1 lists the size of reactions ob- 
served. In the group receiving anaculture, 
11 of 12 lambs showed negative or minimal 
reactions at the end of the observation pe- 
riod, while all lambs injected with alum- 
precipitated vaccine showed an appreciable 
swelling at this time. 


Twenty-four lambs, 


LOCAL REACTIONS PRODUCED BY SEVERAL COMBINA- 
TIONS OF COMPONENTS IN ALUM-PRECIPITATED 
CLOSTRIDIUM PERFRINGENS TYPE D VACCINE 
Materials and Methods. 
was 


A small lot of vaccine 
prepared. During the preparation, various 
samples were removed to determine the effects of 
the various components on local reactions. 

The culture medium regularly used for the pro- 
duction of vaccine was prepared (sample 1). The 
medium was inoculated with Cl. perfringens type 
D organisms and incubated. After the required 
growth period, formalin was added 
Sample 2 was divided and half was alum precipi 
tated (sample 3). A part of the formolized whole 
culture was then centrifuged for one hour at 2,500 
r.p.m. The supernatant removed as toxoid 
(sample 4). Sample 4 was divided and to half was 
added 0.75 per cent alum (sample 5). The sedi- 
ment from centrifugation was washed several times 
with physiological saline and was resuspended to 
the original volume with 0.75 per cent alum solu 
tion (sample 6). 

Sample 2, formolized whole culture, was assayed 
and found to contain 0.48 per cent formalin, For- 
malin solution in distilled water at 0.48 per cent 
A 0.75 per 
cent alum solution was also prepared (sample 8). 


(sample 2). 


was 


concentration was made (sample 7). 
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Injection of Lambs.—Twenty-five lamk«, about 
6 to 8 months of age, were used for this study. 
Each animal was clipped on both sides. Four dif- 
ferent samples were injected on each side at 
marked sites located equidistantly in a 6- by 8-in. 
area. Five milliliter of each preparation was in- 
jected subeutaneously. 

Results.—The animals were injected on 
Oct. 15, 1953 and were observed for sev- 
enty-four days. The severity of local reac- 
tion was determined by actual measure- 
ment. Due to the volume of such data 
collected, and since it appeared that fre- 
quency of occurrence was more notable 
than extent of reaction, this report will 
stress the latter observations. 

Local reactions occurred as early as the 
first day following inoculation, but no new 
reactions appeared after the eighth day. 
Usually, reactions began to subside about 
fifteen days postinoculation but persisted 
for varying periods, not appearing to fall 
into any specific pattern. In no ease did the 
single components—complete medium, for- 
malin, or alum—produce a measurable re- 
action in any of the animals. Samples con- 
taining alum (3, 5, and 6) caused a consid- 
erably greater number of reactions than 
those without alum (2 and 4) as shown in 
table 2. By the use of the Mainland tables,* 
it was determined that differences in fre- 
queney of occurrence of these 
were statistically significant. 


reactions 
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THe Errect oF ALUM PRECIPITATION ON INTEN- 
SITY AND DURATION OF ANTITOXIN RESPONSE TO 
VACCINATION WITH CLOSTRIDIUM PERFRINGENS 
Type D VAccINE 

Materials and Methods.—A small lot of vaccine 
was produced according to the procedures described 
by DeMello.”. The formolized whole culture was 
tested to determine the concentration of toxoid 
present according to the method of Baldwin, Fred- 
erick, and Ray,” using an indicator dose of 5 m.1.d. 
The vaccine was found to contain between 200 and 
300 combining units or between two and three 
times the minimum potency required by the U.S.- 
D.A., Animal Disease Eradication Branch. Half 
of the material was precipitated with 0.75 per cent 
K Al(SO,)2-12H:0 and half was not alum pre- 
cipitated (anaculture). 

Vaccination of Lambs.—Twenty-four lambs, 6 to 
8 months of age, were divided into two groups of 
10 each, and one group of 4 uninoculated controls. 
One group of 10 received 5 ml. each of anaculture, 
while the other group received 5 ml. each of alum- 
precipitated vaccine. All injections were made sub- 
cutaneously just behind the right elbow, on Aug. 
10, 1953. Test bleedings were taken from individ- 
ual animals just prior to vaccination and 3, 9, 15, 
and 18 weeks postvaccination. The antitoxin titers 
were assayed in the following manner. 

Dried epsilon toxin was reconstituted and acti- 
This solution was titrated jin 
mice to determine m.].d./ml. The anti- 
toxin unit of Baldwin” was used; namely, the 
smallest amount that will neutralize 15 m.l.d. of 
activated toxin. Toxin-antitoxin mixtures 
made and held at room temperature for one hour 
before intravenous injection 
were combined with toxin of 60 m.l.d./ml. potency. 


vated with trypsin. 
present. 


were 


into mice. Serums 


TABLE 1—E€Effect of Alum Precipitation on Severity of Local Reactions 


Sheep 
(No.) 


Vaccinated 


Vaccine (date) 


1169 
1170 
1171 

1172 
1173 
1174 
1175 
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The injection dose for miee was always 0.5 ml. 
and mice always received 15 m.l].d. of toxin in this 
dose. It is, therefore, obvious that this test ean 
not detect less than 4 units of antitoxin per 
milliliter. 


TABLE 2—Number of Reactions to Various 
Preparations 
Reacting/ React- 
Sample total ing 
(No.) Preparation (No.) (%) 
Complete medium 0/25 0 
Formolized whole culture 4/25 16 
Alum-precipitated, formolized 19/25 76 
whole culture vaccine 
Toxoid 28 
Toxoid containing 0.75 ©; 20/25 80 
alum 
Washed cells containing 22/2: 88 
0.75 % alum 
0.48 % formalin 0 


72 © 


0.75 % alum 


Results ——The results of this study are 
listed in table 3. The lambs receiving ana- 
culture did net show lower antitoxin levels 
than those receiving the alum-precipitated 
vaccine, nor was there any difference ob- 
served in the maintenance of antitoxin 
levels. 

DISCUSSION 


The value of aluminum adjuvants in in- 
creasing antigenicity of toxoids has been 
well established by Glenny and his associ- 
ates.'°"! It is also well established that 
these adjuvants may appreciably increase 
the local reaction produced by the vaccine. 
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In spite of the generally accepted feeling 
that some degree of inflammation is desir- 
able for an enhanced immune response, a 
swelling at the injection site which persists 
for many weeks may seriously limit the 
usefulness of such a product in spite of its 
effectiveness. 

The use of alum as an adjuvant for this 
vaccine was reported by Buddle.’* It seems 
that his paper is the basis for the inclusion 
of alum in present vaccines. However, it is 
our feeling that Buddle’s studies involved 
an appreciable number of uncontrolled 
variables making the conclusion that alum 
actually improved the value of the vaceine 
somewhat tenuous. 

In our studies, we have presented some 
evidence that alum may appreciably in- 
erease the local reaction caused by the en- 
terotoxemia vaccine as prepared by our 
procedure. In a more detailed study in- 
volving several combinations of compo- 
nents of the final alum-precipitated prod- 
uct, we have demonstrated that alum alone 
will not produce a lesion but does have this 
effect in the presence of whole culture, tox- 
oid, or cells separated from formolized 
whole culture. This interaction seems to 
make the removal of cells of questionable 
value in decreasing the severity of the local 
reaction. 

Under the conditions of our experiment, 
we have demonstrated that alum can be 


TABLE 3—Effect of Alum Precipitation on Duration of Antitoxin Response 


Pre- 
Sheep injection 
(No.) titer 
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omitted from the vaccine without having a 
measurable effect on the antitoxin response. 
We believe that the removal of alum would 
result in a more useful product since the 
troublesome persistent lesions can, in most 
cases, be avoided, while a durable immu- 
nity equal to that produced by the alum- 
precipitated product is induced. It is im- 


portant to point out that this change has 
been carried out with good results by Al- 
exander '* in the Union of South Africa. 


SUMMARY 


1) The presence of alum in Clostridium 
perfringens type D vaccine was shown to 
inerease the severity and persistence of lo- 
cal reactions after vaccination. 

2) Alum alone produced no reactions 
and anaculture only a minimal response. 
However, alum in combination with toxoid 
or washed cells produced a reaction equal 
to that of the alum-precipitated vaccine. 

3) No significant difference in the in- 
tensity or duration of the immune response 
(as determined by antitoxin levels) was 
observed when alum was omitted from the 
vaccine. 


VACCINATION OF SHEEP 
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The Microscopic Anatomy of the Digestive Tract of 
Sus Scrofa Domestica 


MARGARET W. SLOSS, D.V.M., M.S. 


Ames, Towa 


IN THIS stUDY, the entire digestive tracts, 
with the exeeption of the teeth, pancreatic 
glands, and livers of 4 swine were used. 
When conclusions could not be drawn 
from this material, sections from other 
cadavers were taken to supplement the 
study. In all, tissues from portions of 15 
pigs were examined. Four complete tracts 
were taken; one from a newborn pig, one 
from a 35-lb. pig, one from a pig weighing 
approximately 125 lb., and one from a pig 
weighing approximately 225 Ib. The entire 
diseussion is given from the tissues of the 
pig weighing 125 lb., unless definite men- 
tion is made coneerning the age. The ordi- 
nary methods of fixation, embedding, and 
staining were employed. 


ANATOMY OF THE DIGESTIVE TRACT 


The Lips—Six to 25 layers of cells, ex- 
clusive of the cornified layer, cover the cu- 
taneous surface of the lips. The stratified 
squamous epithelium on the oral surface is 
8 to 50 cells thick. Prominent intercellular 
bridges are observed. 

The corium lying deeply to the eutane- 
ous epithelium is made up of a compara- 
tively dense white fibrous connective tissue 
and a few elastic fibers. Penetrating this 
corium from the muscle layer are striated 
muscle fibers reaching to the border of the 
epithelium. Smooth muscle fibers are seen 
in connection with the hair follicles. Adi- 
pose and areolar as well as white fibrous 
connective tissue separate the muscle bun- 
dles which run through the corium. Sudor- 
iparous glands, blood vessels, and nerves 
are very abundant between the muscle 
bundles. The labial muscles separate the 
corium of the external surface of the lip 
from the corium of the internal surface. 
The oral corium is thicker but less dense 
than the cutaneous ecorium. The white 
fibrous connective tissue of the oral corium 
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contains a great many elastic fibers near 
the muscle layer, but near the epithelial 
layer there are relatively few. 

The labial glands, which are found in 
the oral corium, are present only in the 
commissural third of the upper lip (fig. 1) 
but they can be demonstrated in the com- 
missural half of the lower lip (fig. 2). 
These glands are tubuloacinar containing 
serous acini and mucous acini with serous 
demilunes, there being a predominance of 
the former in most of the lobules. The 
serous demilunes are very large. 

The Cheeks.—The mucosa of the cheeks 
is smooth and lined by a many-lavered 
stratified squamous epithelium. The mu- 
cosa presents a papilla which marks the en- 
trance for the ductus parotideus near the 
second superior molar tooth. Goblet cells 
are present in the duct and in the squa- 
mous epithelium near the duct opening on 
to the cheek (fig. 3). The corium of the 
cheek, of loose white fibrous connective tis- 
sue, contains a few elastic fibers. Bundles 
of striated muscle extend almost to the 
base of the epithelium. Tubuloacinar 
glands, glandulae buceales, are intermin- 
gled with fibers of the buecinator muscle. 
Predominating are mucous acini with se- 
rous demilunes but a few acini are serous 
and a few are mucous. Serous acini are 
more numerous in the inferior buceal 
gland. Larger amounts of white fibrous 
connective tissue separate the acini of 
these glands than is true for the submax- 
illary gland. Goblet cells increase in num- 
bers in the ducts as the bueeal surface is 
approached. 

The Hard Palate.—The corrugated hard 
palate of swine is composed of fatty eush- 
ions embedded in connective tissue and 
covered on the oral surface by stratified 
squamous epithelium of 6 to 40 eells in 
depth (fig. 4). The surface cells are kerati- 
nized and only flattened nuclear remnants 
are seen. Intercellular bridges are very 
distinct in all layers except those of the 
keratinized portion. Large cells (fig. 5) 
are observed, individually or in nests, in 
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the epithelium extending between the con- 
nective tissue papillae. Their cytoplasm 
remains clear while that of the other epi- 
thelial cells appears granular. Their large 
vesicular nuclei are round or bean-shaped 
and almost fill the The chromatin 
granules in these nuclei are not evenly dis- 
tributed, as is true in other epithelial cells, 


cells. 
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portions appearing almost clear. Presum- 
ably these are tactile cells. 

The connective tissue, immediately be- 
neath the basement membrane, is com- 
posed of dense white fibrous connective 
tissue fibers and numerous fine yellow elas- 
tic fibers. The connective tissue papillae 
are richly supplied with capillaries. In the 


FIGURE 
c 


Fig. 1—Upper lip, showing relative thickness of the corium of the skin (a) and of the 
mucosa (b), a hair follicle (c), and muscles (m) but no ladial glands. x 3.5. 
Fig. 2—Lower lip, showing (a), (b), (c), and (m) as in figure 1, also sudoriferous glands 
(s.g-) and masses of labial glands (l.g.). x 3.5. 
Fig. 3—The parotid duct (p.d.) perforating the cheek tangentially. Beadlike goblet cells 
shown in the buccal stratified squamous epithelium. x 50. 
Fig. 4—Hard palate. Fat pads (f) are present underneath the ridges. x 9. 
Fig. 5—Hard palate. Large cells in epithelium are tacticle cells (t.c.). x 270. 
Fig. 6— Palatine tonsil. Crypts (c) lined by stratified squamous epithelium extend 
through the lymphoid cells to the corium. x 12. 
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large ridges forming the corrugations of 
the palate are areas of connective tissue 
differing in staining properties from either 
white fibrous or yellow elastic connective 
tissue. In these areas are fat cells in vari- 
ous stages of metamorphosis. An arteriole 
can be seen in the center of each area. 

Above the level of the corrugations, the 
connective tissue is areolar in type and 
possesses large deposits of adipose tissue, 
which appear to form cushions beneath the 
ridges of the palate. The connective tissue 
beneath the palate depressions contains 
little or no adipose tissue. The adipose 
tissue appears separated, similar to lobules 
of glands, by strands of dense white fi- 
brous connective tissue. The hard palates 
of the specimens studied are glandless and 
contain no muscle fibers. 

The Palatine Tonsils—The palatine ton- 
sils mark the boundary between the hard 
palate and the oral surface of the soft pal- 
ate. Nine to 25 layers of cells form the 


stratified squamous covering. Crypts lined 
with stratified squamous epithelium (fig. 
6) extend from the surface through the 
lvmphoid tissue, reaching almost to the 
submucosa beneath the tonsillar mass. 


Be- 
tween the epithelial covering and _ the 
lymphoid tissue is a stratum of white fi- 
brous connective tissue containing a few 
elastie fibers. This accompanies the epithe- 
lial erypts into the lymphoid mass. Be- 
neath the lymphoid tissue, the submucosa 
is composed of dense white fibrous connec- 
tive tissue and large elastic fibers. 

The Soft Palate.—On the oral surface of 
the soft palate, the stratified squamous epi- 
thelium is 8 to 30 cells thick (fig. 7), and 
on the aboral surface it is 5 to 18 cells in 
depth (fig. 8) changing gradually, as it 
approaches the nasal cavity, into pseudo- 
stratified ciliated columnar’ epithelium 
(fig. 9) at approximately the middle of the 
dorsal surface of the soft palate. 

The submucosa is composed of dense 
white fibrous connective tissue, coarse and 
fine elastic fibers and patches of lymphoid 
tissue, which form nodules in some in- 
stances. Between the two submucosas lie 
the palatine muscles among which are lo- 
cated large numbers of tubuloacinar mu- 
cous glands, which form a complete layer 
on the ventral side of the palate. Their 
ducts contain a profusion of large goblet 
eells. 
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The Tongue.—The striated muscle of the 
tongue runs in various directions and be- 
tween the bundles is loose white fibrous 
connective tissue containing elastie fibers, 
adipose tissue, tubuloalveolar glands, 
blood vessels, and nerves. The dorsal strat- 
ified squamous epithelium is 20 to 50 lay- 
ers in depth (fig. 10). Fungiform, fili- 
form, cireumvallate, and foliate papillae 
appear oa the tongue surface. 

The two cirecumvallate papillae are the 
largest (fig. 11) and are located on the 
dorsal surface near the base of the tongue. 
They have true connective tissue cores, and 
they do not project above the tongue sur- 
face. Large taste buds (fig. 12) appear in 
the epithelium which covers the lateral sur- 
face of the papillae. They extend from the 
surface into the membrana propria. Ducts 
from serous glands empty into the trenches 
surrounding the circumvallate papillae. 

The filiform papillae (fig. 13) are pro- 
jections of many layers of epithelium and 
do not possess connective tissue cores. The 
fungiform papillae (fig. 14) do not project 
above the tongue surface, but they have 
true connective tissue bases. Taste buds 
are demonstrable on the dorsal surface of 
these papillae. The foliate papillae (fig. 
15) oecur as elongated narrow folds on the 
lateral surfaces of the tongue near the 
base and contain a few taste buds. 

Beneath the epithelium of the tongue is 
the tunica propria composed of white fi- 
brous connective tissue and elastic fibers. 
There is more elastic connective tissue in 
the papillae bases than in the tunica pro- 
pria in general. The muscle bundles of the 
tongue follow three general directions, 
longitudinal, transverse, and vertical. The 
muscle is inserted in the tunica propria 
extending almost to the epithelial layer. 

Tubuloacinar glands are distributed 
among the muscle bundles. Three types of 
secreting acini are observed; purely mu- 
cous, purely serous, and mucous acini with 
serous demilunes (fig. 16). No glands are 
found near the tip of the tongue but, along 
the lateral margins, numerous purely mu- 
cous acini occur. Near the circumvallate 
and foliate papillae the acini are largely of 
the serous type; although a few purely mu- 
cous and mixed acini can be seen. Numer- 
ous nerve bundles are distributed through- 
out the tongue, being especially prominent 
near the circumvallate papillae. 
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The Salivary and Accessory Salivary 
Glands.—Salivary and accessory salivary 
glands are of three types—(a) the parotid 
glands and the small glands located near 
the cireumvallate and foliate papillae of 
the tongue have purely serous acini; (b) 
the glands of the soft palate and those 


Fieuvre wu 


Fig. 7—Soft palate, oral surface. 
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found along the lateral margins of the 
tongue are mucous in type; and (c) the 
mandibular, sublingual, buccal, labial, and 
some of the lingual glands have mixed 
acini. 

The Parotid Gland.—The parotid gland 
is the tubuloacinar type composed entirely 


FIGURE 


FIGURE 12 


Mucous glands (m.g.) form almost a complete layer. 


x 22.5. 


Fig. 8—Soft palate aboral surface. 


Squamous epithelium of the oral aspect. 


x 270. 


Fig. 9—Soft palate. Pseudostratified ciliated columnar epithelium of the nasopharyngeal 


aspect. 
Fig. 10—Tip of tongue. Stratified squamous epithelium covering all surfaces. 


x 270. 
Filiform 


and fungiform papillae on dorsal and lateral aspects. No glands in tip of tongue. x 3.5. 


Fig. 11—Circumvallate papilla. 


Numerous taste buds (t.b.) shown along crypts. 


Abun- 


dance of nerve and gland tissue at base of papilla. x 19. 


Fig. 12—Taste buds (t.b.). 


Buds extend from surface through epithelium 


into the 


tunica propria or corium. x 600. 
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of serous acini (fig. 17). The cells appear 
granular, although some of them are al- 
most clear due probably to the soiubility 
of the cell content to some chemical used in 
the fixing process. The acini are not sep- 
arated by strands of connective tissue as 
they are in the mandibular gland. The 
lobules, on the other hand, are separated 
by greater amounts of white fibrous con- 
nective tissue, elastic fibers, and adipose 
tissue than is true for the mandibular 
gland. The parotid duct (fig. 3), which 
opens by means of a small papilla on the 
bueeal mucosa, is lined by a several-lay- 
ered cylindrical epithelium in which great 
numbers of exceptionally large goblet cells 
appear. These goblet cells appear in some 
instanees in the basal-cell layer. 

The Mandibular Gland.—The mandibu- 
lar gland is a compound tubuloacinar 
gland of the mixed type (fig. 18). Three 
kinds of acini are demonstrable. The inter- 
lobular white fibrous connective tissue con- 
tains numerous elastic fibers. The very 
large demilunes on nearly all the mucous 
acini characterize this gland and differen- 
tiate it from the other salivary glands. The 


connective tissue separating the acini is 
greater in amount than that found in the 
parotid glands but less than that of the 


buceal glands. In the membrana propria, 
surrounding the acini, numerous’ basket 
cells are observed. The epithelium lining 
the duets is similar to that of the ducts of 
any tubuloacinar gland, except that an 
abundance of goblet cells is present. 

The Sublingual Gland.—tThe sublingual 
gland is divided definitely into a large an- 
terior portion and a small posterior por- 
tion. The posterior portion empties by 
means of one duct, which joins the duct 
from the submaxillary gland, just posterior 
to its entrance into the buceal cavity. Two 
types of acini are demonstrable in this por- 
tion, mucous acini with serous demilunes 
and purely serous acini. The latter pre- 
dominate. 

The anterior portion is elongated and 
narrow, almost almond shaped, and ap- 
pears to be divided into superior and in- 
ferior parts by the ducts of the posterior 
portion and of the mandibular gland. The 
superior part of the anterior portion has 
entire lobules comprised, for the most part, 
of purely serous acini, although a few mu- 
cous acini with demilunes can be observed. 
Other lobules contain only mucous acini 
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with demilunes. The demilunes in this part 
of the gland are smaller than those in the 
mandibular gland (fig. 19). The inferior 
part of the anterior portion appears to be 
purely mucous in type, but very small 
demilunes are demonstrable on some of the 
mucous acini (fig. 20). The lobules of the 
gland are separated by white fibrous con- 
nective tissue and a large number of elas- 
tie fibers. There is considerably more con- 
nective tissue in this gland than is found 
in the mandibular gland. 

The Pharynxs.—The histology of the 
pharynx is similar to that of the pharyn- 
geal pouch described below. The muscu- 
laris mucosae is absent and the tunica 
propria is comprised of white fibrous con- 
nective tissue containing coarse elastic 
fibers. 

The Pharyngeal Pouch—The pharyn- 
geal pouch or diverticulum pharyngeum, 
an anatomical oddity peculiar to swine, sit- 
uated in the posteriodorsal part of the 
pharynx between the ventral straight mus- 
cles of the head and the origin of the 
esophagus, is lined by stratified squamous 
epithelium of 5 to 15 cells in thickness (fig. 
21). The tunica propria of white fibrous 
connective tissue and short elastic fibers 
contains numerous mucous glands and 
patches of lymphoid tissue. A few acini of 
these mucous glands have small demilunes 
of serous cells, and other acini possess cells 
near the basement membrane, similar to 
oxyntic cells in their reaction toward acid 
dyes. These delomorphous cells are larger 
than basket cells and smaller than the se- 
rous cells of the demilunes. Glands are 
also observed deeply embedded in the eon- 
nective tissue separating the bundles of fi- 
bers of the striated muscle layer. Deeply 
to the muscle layers lies areolar connective 
tissue in which areas of adipose tissue can 
be demonstrated. 

The Esophagus.—The stratified squa- 
mous epithelium lining the esophagus in- 
creases in thickness from 10 to 40 cells in 
the oral portion to 35 to 80 cells at the 
cardiac end. The muscularis mucosae ap- 
pears in the esophagus first in the region 
opposite the cricoid cartilage. It is eom- 
posed of an inner circular and an outer 
longitudinal laver of smooth muscle. These 
muscle layers do not form complete layers 
around the tube until near its middle. 

The tunica propria of the esophagus has 
considerably more white fibrous and elastic 
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fibers than are found in the pharynx. Nu- — glands are not intermingled with the stri- 
merous, large tubuloacinar mucous glands ated muscle of the tunica muscularis, as is 
are observed, appearing to be direct con- the case in the pharynx and pharyngeal 
tinuations of those found in the pharynx pouch. In the initial part of the esopha- 
and pharyngeal pouch. However, these gus, the mucous glands form two bands 


FIGURE 


Fig. 13—Filiform papillae with projections of many layers of epithelium and no con- 
nective tissue core. x 55. 
Fig. 14—A fungiform papilla with true connective tissue core. They do not project above 
tongue surface. x 55. 
Fig. 15—Foliate papillae. Located on lateral aspect of tongue near its base. They 
possess a few taste buds (t.b.). x 19. 

Fig. 16—Lingual glands. Three types of acini—serous, mucous, and mucous with serous 
demilunes. Hematoxylin and eosin. x 102. 

Fig. 17—Parotid gland. One salivary duct lumen shows. Gland composed of purely 
serios acini. Hematoxylin and eosin. x 230. 

Fig. 18—Submaxillary gland. Mucous acini with serous demilunes predominate in this 

gland. Amount of connective tissue greater than in parotid gland. Hematoxylin and 

eosin. x 102. 
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which together completely surround the 
tube (fig. 22). Upon the appearance of 
the muscularis mucosae the glands begin 
to decrease in number and in the lower one 
third of the tube they are entirely absent 
(fig. 24). The glands are in the submucosa 
and penetrate the muscularis mucosae to 
appear at times in the tunica propria. 

The tunica muscularis of the esophagus, 
although composed of inner and outer lay- 
ers, is arranged in spiral formations. In 
sections studied, areas of definitely oblique 
muscle fibers can be readily demonstrated. 
The tunica muscularis in the upper half of 
the esophagus is entirely composed of stri- 
ated fibers. Near the middle of the tube, 
smooth fibers appear intermingled with 
the striated fibers of both layers (fig. 23) 
and, at the cardiac extremity, the inner 
layer is composed entirely of smooth fibers 
while the bulk of the outer layer is made 
up of nonstriated muscle in which a few 
striated fibers can be demonstrated (fig. 
24). 

The Stomach.—Of the four distinct 
zones in the porcine stomach, the esopha- 
geal portion is the smallest. A 60- to 90- 


cell layer of stratified squamous epithelium 


lines the esophageal portion. There is a 
very abrupt change from this stratified 
squamous epithelium of the esophageal re- 
gion to the simple columnar epithelium of 
the cardiac region (fig. 25). In the tunica 
propria of the esophageal region may be 
seen a few cardiac glands, appearing only 
at the immediate junction of the esopha- 
geal and cardiac zones. Apparently these 
glands are the cut ends of true cardiac 
glands, because at no point can their ducts 
be traced to the stratified squamous epi- 
thelium. 

Simple columnar epithelium lines the 
entire stomach mucosa with the exception 
of the esophageal region. These columnar 
lining cells stain similarly to mucous cells, 
but they are not goblet in shape. The 
branched tubuloacinar cardiae glands oe- 
cupy a larger area in the stomach mucosa 
than either the fundie or pyloric glands. 
The gastric erypts, which are approxi- 
mately one fifth of the entire length of the 
cardiac gland tubes, are lined by simple 
columnar epithelium. The cells in the neck 
and body portions of the cardiae glands 
react to mucous stains, but the cells in the 
fundie portion of these glands stain sim- 
ilarly to the chief cells of the fundie gland 
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region. When stained with mucicarmine, 
the cytoplasm of these cells appears gran- 
ular and does not give the characteristic 
red mucous stain. 

The mucosa of the cardiac diverticulum 
(fig. 26) is similar to that of the cardiac 
gland region. In newborn pigs, parietal 
cells can be demonstrated in the glands of 
the mucous membrane of the cardiae diver- 
ticulum. However, these parietal cells can 
not be detected in this region in swine 5 
weeks of age or over. 

There is a gradual transition from the 
cardiae to the fundie gland regions. The 
tubules in the fundie gland region appear 
less branched than those in the cardiae 
gland region. Tall, columnar cells line the 
stomach in the fundie gland region. The 
gastric crypts (fig. 27 and 28) are lined by 
a cuboidal type of cell. The true fundie 
gland cells are of two types—-chief, or pep- 
tie cells, and parietal cells. The columnar 
cells give a true mucous reaction when 
stained with mucicarmine. 

In the gastric erypts, the cytoplasm of 
half of the cells facing the lumen of the 
crypts gives a mucous reaction. In ithe 
fundie portion of the fundie glands are 
cells similar to the mucous cells in the gas- 
tric crypts of the fundie gland region, al- 
though they differ in shape. The chief and 
parietal cells do not react to mucous stains. 
Chief cells stain poorly with hematoxylin 
and eosin stain, but the parietal cells take 
on a decidedly pink granular coloration. 
In the neck of the fundie glands, the parie- 
tal cells appear to surround the tube to the 
exclusion of most of the chief cells. In the 
body of the gland the chief cells assume the 
position nearest the lumen and the parietal 
cells form a complete band around them in 
a collarlike arrangement. The chief cells 
and mucous cells are in the majority in the 
fundie portion of the glands. When a pa- 
rietal cell does appear in the fundus of the 
gland, it lies outside the chief cells or mu- 
cous cells lining the tube, although at times 
the cytoplasm of these cells projects to- 
ward the lumen between the chief or mu- 
cous cells. 

There is a gradual transition from the 
fundie gland region to the pylorie gland 
region. The tubular pylorie glands do not 
branch to any considerable extent (fig. 
29). The pyloric glands are lined by sim- 
ple columnar epithelium, which gives a 
mucous stain when mucicarmine is em- 
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ployed. The cytoplasm of the pyloric 
gland cells reacts to stains similarly to the 
cells in the neck portion of the cardiac 
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throughout the entire stomach. However, 
more lymphoid tissue is found in the tu- 
nica propria of the cardiac region than in 


glands. The tunica propria is similar the other regions of the stomach. Also, 


FIGURE 23 


Fig. 19—Sublingual gland, superior part. Predominance of serous acini. Hematoxylin 
and eosin. x 102. 
Fig. 20—Sublingual gland, inferior part. Acini almost entirely mucous; 
demilunes are demonstrable. Hematoxylin and eosin. x 102. 
Fig. 21—Fold between the pharyngeal pouch (above) and esophagus. On the esophageal 
aspect there are more glands (e.g.) and the depth of the epithelial layer is greater than 
on the pouch side. x 7.5. 

Fig. 22—Oral portion of the esophagus showing complete layer of glands (e.g.) and ab- 
sence of muscularis mucosae. The tunica muscularis is all striated and cut at various 
angles, bearing out the fact that these muscles are spiral in direction. x 5. 

Fig. 23—Middle esophagus showing the decrease in the number of glands. Muscularis 
mucosae present in two distinct layers. Striated and nonstriated fibers in tunica 
muscularis. x 5. 

Fig. 24—Cardiac esophagus with no glands present and muscularis mucosae more prom- 
inent. Fibers of tunica muscularis chiefly nonstriated. x 5. 
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there is an increase, over the other parts, 
in elastic fibers in the tunica propria of the 
pyloric region (fig. 30). 

There is a definite muscularis mucosae in 
all parts of the stomach. The fibers run in 
several different directions, in the same re- 
gion, but an inner circular and an outer 
longitudina: layer of nonstriated muscle 
can usually be distinguished. The muscu- 
laris mucosae of the pyloric region has an 
exceedingly large amount of elastic fibers 
interspersed in it. The submucosa of the 
stomach is composed of reticular and white 
fibrous connective tissues, a few elastic fi- 
bers, and lymphoid tissue. Embedded in 
the submucosa are numerous blood vessels, 
lymph vessels, and nerve ganglia. 

The tunica muscularis, in nearly all 
parts of the stomach, is composed of three 
layers of nonstriated muscle fibers. In 
parts of the same section, an inner circu- 
lar, a middle oblique, and an outer longi- 
tudinal layer may be readily demonstrated. 
The inner and middle layers of fibers form 
the bulk of the sphineter pylori, although 
some of the outer layer fibers extend into 
the sphincter. In the pylorus, the muscle 


fibers which extend into the torus pyloricus 
(fig. 31), a prominence extending into the 
lumen of the pylorus, have no definite ar- 


rangement. The muscle fibers are sepa- 
rated by white fibrous connective tissue 
and numerous elastic fibers. The tunica 
serosa is composed of white fibrous connec- 
tive tissue, containing a great number of 
large elastic fibers. A single layer of meso- 
thelial cells covers the connective tissue. 

The Duodenum.—The villi of the duo- 
denum (fig. 32) are covered by simple col- 
umnar epithelium, in which numerous 
large goblet cells occur. The tunica propria 
is composed of areolar connective tissue, 
eontaining lymphocytes, blood vessels, 
nerves, lacteals, and intestinal glands. As 
animals become older, there is an increase 
in the amount of lymphoid tissue in the tu- 
nica propria. The cells of the intestinal 
glands are columnar in type. Along the en- 
tire gland duct, goblet cells are seen. The 
fundie portion of the gland contains cells 
whose cytoplasm appears intensely pink 
and granular, when stained with acid dyes. 
These cells are termed ‘‘granular cells of 
Paneth.’’ 

Deeply to the tunica propria is the mus- 
cularis mucosae, comprised of a very nar- 
row inner circular and a narrow outer 
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longitudinal layer of nonstriated muscle 
fibers. The muscularis mucosae is lacking 
at the junction of the pylorus of the stom- 
ach and the duodenum, where it changes 
from a position deeply to the pyloric 
glands of the tunica propria to a position 
in the duodenum, with the duodenal or 
Brunner’s glands deeply to it. A very few 
disconnected smooth muscle fibers can be 
observed in the gap. 

For the first few centimeters of the duo- 
denum the Brunner’s glands form, in the 
submucosa, a complete layer around the 
tube (fig. 33). The glands then gradually 
decrease in numbers and fade out, none be- 
ing found 53 em. beyond the pylorus in 
any of the sections observed. The Brun- 
ner’s glands appear to be direct continua- 
tions of the pyloric glands of the stomach, 
except that they occur in the submucosa 
while the pyloric glands occur in the tu- 
nica propria. The pyloric and Brunner’s 
glands react similarly, when stained with 
mucicarmine. They stain less intensely but 
more granular than the goblet cells in the 
lining of the stomach and intestines. 

The tunica muscularis is composed of a 
thick inner cireular and a thinner outer 
longitudinal layer of nonstriated muscle 
fibers. The connective tissue of the tunica 
serosa contains a great number of elastic 
fibers deeply to the single layer of mesothe- 
lial cells. 

The Jejunum.—The jejunal mucosa is 
lined by simple columnar epithelium, con- 
taining numerous large distended goblet 
cells. The villi (fig. 34) are considerably 
longer and more narrow than those of the 
duodenum. The intestinal glands have 
more goblet cells in the fundie portion 
than are present in the duodenum. There 
is an Increased number of granular cells of 
Paneth in the intestinal glands in compari- 
son with the number in the duodenum. 
Small follicles of lymphoid tissue are ob- 
served in the tunica propria. Isolated 
nodules are seen scattered at irregular in- 
tervals along the tube. The muscularis 
mucosae is thinner than in the duodenum. 
No glands are present in the submucosa. 

The plicae circulares appear higher, nar- 
rower, and more numerous in the jejunum 
than in either the duodenum or ileum. The 
tunica muscularis is similar in arrange- 
ment and structure to that in the duo- 
denum, although the muscle wall as a 
whole is thinner. The serosa is composed 
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of white fibrous connective tissue, adipose 
tissue and beneath the serous lining there 
is a heavy band of elastic fibers. 

The Ilewm.—The ileal mucosa is lined by 
simple columnar epithelium, containing 
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shorter than those of the jejunum. The 
plicae cireulares are fewer, shorter, and 
broader than those of the jejunum. In the 
fundie portion of the intestinal glands, 
there are more goblet cells but fewer ‘‘ cells 


numerous large goblet cells. The villi are of Paneth’’ than in the corresponding zone 


FIGURE 25 
‘ 


less esophageal region lined by stratified squamous epithelium. Glandular cardiac region 
lined by simple columnar epithelium. x 20. 
Fig. 26—Mucosa of cardiac diverticulum. Similar to cardiac region except the glands 
are shorter... x 20. 
Fig. 27—Fundic mucosa. The gastric crypts open into foveolae (f). x 20. 

Fig. 28—Fundic glands. Mucous cells line the gastric crypts (c). Parietal cells lie near 
the lumen in the necks of glands but in the body of the glands chief cells line the lumen 
with parietal cells collarlike around them. Hematoxylin and eosin. x 75. 

Fig. 29—Pylorus of stomach. Glands branch less than in cardiac and fundic regions. 
Gland cells are wholly mucous in type. x 20. 

Fig. 30—Pylorus of stomach. Weigert’s stain used to show the vast amount of yellow 
elastic fibers in the tunica propria. x 75. 


= 
Fig. 25—The abrupt junction of esophageal (right) and cardiac stomach mucosae. Gland- 
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of the jejunum. The muscularis mucosae is 
more distinct in the ileum than in the 
jejunum. The inner cireular layer is thin- 
ner than the outer longitudinal layer. 

The distinguishing characteristic of the 
ileum is the large patches of lymphoid tis- 
sue occurring in nodular form in the sub- 
mucosa and at times penetrating the mus- 
cularis mucosae and invading the tunica 
propria (fig. 35). The villi covering the 
lvmphoid areas are shorter than those of 
the adjacent parts of the ileum. Just an- 
terior to the cecum, the nodules occur in 
large numbers in the submucosa opposite 
the mesenteric attachment. The tunica 
muscularis has a thick inner circular layer 
and a thin outer longitudinal layer of non- 
striated muscle. The tunica serosa is com- 
posed of white fibrous connective tissue 
and a narrow strip of elastic fibers similar 
to that in the jejunum and duodenum. 

The Cecum and the Colon—The cecum 
and colon are lined by simple columnar 
epithelium containing numerous large gob- 
let cells. Almost all of the cells of the in- 


testinal glands and mucosa of these viscera 
are mucous in type. No granular ‘‘cells of 


Paneth’’ are demonstrable in the glands of 
either the cecum or colon. The villi end 
abruptly at the ileocecal junction (fig. 36) 
and are not noticeable throughout the large 
intestine. Plicae cireulares are present but 
in fewer numbers than in the small intes- 
tine. An inner ecireular and outer longi- 
tudinal layer of nonstriated fibers com- 
prise the muscularis mucosae. 

The submucosa of white fibrous connec- 
tive tissue and elastic fibers contains large 
amounts of adipose tissue and lymph fol- 
licles. The tunica muscularis is composed 
of an inner circular layer of nonstriated 
musele fibers and an outer longitudinal 
layer, which in places increases in thick- 
ness to form the taeniae (fig. 37). In the 
cecum, there are three taeniae and in the 
colon only two. There is a considerable in- 
crease in the amount of elastic fibers pres- 
ent in the taeniae as compared to the 
amount found in the remainder of the 
longitudinal muscle layer. The taeniae of 
the cecum in the region where the mesen- 
tery is adherent is much thinner than the 
other two taeniae. The walls of the cecum 
and colon are thrown into bulges forming 
recesses or haustra because of the tension 
of the taeniae. The tunica muscularis is 
carried into the folds between the haustra 
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(fig. 38). In the folds, the inner circular 
laver of muscle fibers is much thinner than 
it is in the other parts of the cecum and 
colon. The tunica serosa is similar to that 
of the small intestine. 

The Rectum.—The mucosa of the rectum 
is lined by simple columnar epithelial 
cells, containing relatively few goblet cells. 
The intestinal glands appear to be sepa- 
rated from each other by less tunica pro- 
pria (fig. 39) than is the case in the colon. 
The cells of the rectal glands are mucous in 
type. The muscularis mucosae is thicker in 
the rectum than in any other portion of the 
intestine, being composed of two definite 
lavers; the intestinal glands appear to rest 
on it in many places. 

In the submucosa, there is considerably 
more lymphoid and adipose tissue than in 
the colon. The tunica muscularis is com- 
posed of an inner circular and an outer 
longitudinal layer of nonstriated muscle, 
whicn contains large numbers of elastie fi- 
bers. There are no taeniae in the wall of 
the rectum, but there is an increase in the 
relative thickness of the tunica muscularis 
as compared to that found in the colon. A 
typical serosa surrounds the anterior por- 
tion of the rectum, while the posterior por- 
tion, being retroperitoneal, is covered only 
by a fibrous adventitia. 

The Anus.—The simple columnar epi- 
thelium of the rectum changes abruptly to 
stratified squamous epithelium at the anus 
(fig. 40). Near the exterior of the canal, 
there is a keratinized layer and deeply to it 
the many-layered stratified squamous epi- 
thelium. Numerous hair follicles are seen 
in the epithelium near the exterior opening 
of the tract and should be properly consid- 
ered a part of the skin. There is a gradual 
fading out of the muscularis mucosae in 
the region of the junction of the rectum 
and anus. In the tunica propria of the 
anus can be seen a few branched tubular 
gland-like structures; these are probably 
cross sections of intestinal glands. Further 
exteriorly are the nonstriated muscle fibers 
of the M. sphincter and internus. Beyond 
this muscle are the striated fibers of the M. 
sphineter ani externus. 

The Gall Bladder.—The gall bladder is 
lined by a simple columnar epithelium in 
which numerous goblet cells oceur. The 
epithelium is thrown into tall villi by areo- 
lar connective tissue papillae, rich in elas- 
tic fibers (fig. 41). No muscularis mucosae 
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is present in the wall of the gall bladder. not isolated by as much connective tissue 
The circular layer of the tunica muscularis as the inner circular layer. The subserous 
of nonstriated muscle is interspersed with layer is made up chiefly of white fibrous 
large amounts of white fibrous connective connective tissue, containing a few elastic 
tissue and elastic fibers. The outer longi- fibers. 

tudinal layer of the tunica muscularis is The Common Bile Duct.—The eystic and 


FIGURE 35 i FIGURE 36 


Fig. 31—Pyloric and duodenal (left) mucosae. Circular and oblique muscle fibers make 
up the torus (t). Few longitudinal fibers are evident. x 2. 

Fig. 32—Duodenum showing extensive Brunner’s gland (B.g.) beneath a definite mus- 
cularis mucosa. Also one solitary lymph nodule (I.n.). x 5. 

Fig. 33—Duodenum showing relationship of Brunner’s (B.g.) and Lieberkuhn’s gland 
(L.g.) with goblet cells in epithelial lining and Lieberkuhn’s glands. A large lacteal is 
in right villus. x 75. 

Fig. 34—Jejunum. The plicae are narrower than in duodenum and ileum and the tunica 
muscularis is more limited. x 5. 

Fig. 35—Ileum showing aggregations of lymph nodules in submucosa pushing muscularis 
mucosa toward lumen and entering the tunica propria. x 5. 

Fig. 36—Border of the ileocecal valve showing the ileal mucosa above, cecal mucosa 
below. x 7.5. 
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hepatic ducts join to form the common bile 
duet. The common bile duct enters the 
duodenum alone, approximately 1.7 em. 
posterior to the torus of the pylorus. The 
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duct is lined by simple columnar epithe- 
lium in which large goblet cells are ob- 
served (fig. 42). These lining cells are sim- 
ilar to the cells lining the gall bladder, 


FIGURE 38 


FIGURE 41 FIGURE 42 


Fig. 37—Cecum. Through a taenia (t.) to show arrangement of muscle fibers. Taenia 
contain abundant elastic fibers. x 19. 

Fig. 38—Cecur. Fold between two haustra (h); circular muscle is thinner in the fold. 

x 19. 

Fig. 39—Rectal mucosa showing few goblet cells in the lining mucosa but distended 
mucous cells in the glands. x 82. 

Fig. 40—Junction of rectum (left) and anus. Simple columnar epithelial cells change 

abruptly to stratified squamous and the muscularis mucosae fades out completely. x 110. 

Fig. 41—Gall bladder. The lining cells are mucous in type. No muscularis mucosae but 

muscle fibers are scattered through corium. Subserous layer contains numerous yellow 

elastic fibers. x 32. 
Fig. 42—Duodenal (above) and pancreatic duct mucosae. The mucous cells of the pan- 
creatic duct are larger than the goblet cells of the duodenum. The two sets of glands 
are separated by connective tissue (c.t.) only. x50. 
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both in structure and staining properties. 
Numerous branched tubular glands are 
seattered throughout the tunica propria of 
the duct. The cells of these glands give a 
definite mucous reaction when they are 
stained with mucicarmine. The tunica 
muscularis is comprised of two layers of 
nonstriated muscle fibers. These layers are 
not as definite as they are in the gall blad- 
der. The inner circular layer has less eon- 
nective tissue separating the muscle fibers 
than the c¢orresponding layer in the gall 
bladder. The outer longitudinal layer is 
similar to that of the gall bladder. 

The Pancreatic Duct——The pancreatic 
duct opens into the duodenum 10 to 13 em. 
posterior to the opening of the bile duct. 
It enters obliquely from anterior to poste- 
rior and is difficult to locate macroscopic- 
ally as it does not open through a papilla. 
The duct is lined by tall, simple, columnar 
epithelium composed almost entirely of 
distended goblet cells which are exception- 
ally large (fig. 42). These cells are contin- 
uous with the columnar epithelial cells lin- 
ing the duodenum, at the point at which 
the duct opens into its lumen. The portion 
of the tunica propria deeply to the epithe- 
lium is composed of areolar connective tis- 
sue, containing numerous lymphocytes. 
The remainder of the tunica propria, com- 
posed of white fibrous connective tissue 
and elastic fibers, contains numerous 
branched tubular glands. The cells of these 
glands react to Delafield’s hematoxylin, 
similarly to the goblet cells lining the pan- 
ereatic duct. 

After the pancreatic duct has pierced 
the tunica muscularis of the duodenum, it 
continues posteriorly for some distance in 
the submucosae before piercing the mucous 
membrane. White fibrous connective tis- 
sue separates the glands of the duodenum 
from the glands of the pancreatic duct. 
The pancreatic duct has neither a muscu- 
laris mucosae or a tunica muscularis. The 
circular layer of the tunica muscularis ly- 
ing exterior to the duct appears thickened 
where it crosses over the duct. This thick- 
ening band of the muscle thus runs paral- 
lel with the duct in its course through the 
submucosa. 


CONCLUSIONS AND SUMMARY 


The entire digestive tract of Sus scrofa 
domestica is composed of a mucous mem- 


brane, a corium, and a tuniea museu- 
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laris. The muscularis mucosae first ap- 
pears in the esophagus, in the region 
opposite the cricoid cartilage, and is then 
present to the anus, except for a very short 
distance in the region of the junction of 
the pylorus of the stomach and duodenum. 

The labial glands are poorly developed. 
They can be found farther from the com- 
missure in the lower lip than in the upper 
lip. 

Tactile cells are very prominent in the 
porcine hard palate. 

In the midregion of the aboral surface 
of the soft palate, there is a gradual tran- 
sition from stratified squamous to pseudo- 
stratified ciliated columnar epithelium. 

Taste buds are found on the fungiform, 
foliate, and circumvallate papillae of the 
tongue. The most buds are to be found on 
the cireumvallate papillae. 

The parotid gland is purely serous in 
type. The submaxillary, sublingual, bue- 
eal, labial, and some of the lingual glands 
are mixed in type. 

The pharynx is definitely divided into 
an oral portion lined with stratified squa- 
mous epithelium and a nasal portion lined 
with columnar epithelium. 

The wall of the pharyngeal pouch is sim- 
ilar in structure to that of the pharynx. 

Esophageal glands form a complete 
layer around the esophagus in its initial 
portion, gradually thinning out, until in 
the posterior third of the tube they are en- 
tirely absent. The muscularis mucosae is 
lacking in the initial portion of the 
esophagus. The tunica muscularis of the 
esophagus can not be demonstrated as a 
complete inner circular and outer longi- 
tudinal layer of muscle fibers but the two 
layers are present in a slightly spiral ar- 
rangement. In the oral portion of the 
esophagus, only striated fibers occur; in 
the midportion, striated and nonstriated 
fibers are seen; and in the cardiac portion, 
only a few striated fibers intermingle with 
the nonstriated fibers. 

Variations in the structure of the stom- 
ach mucosae divide it into esophageal, 
cardiac, cardiae diverticulum, fundic, and 
pyloric regions. The esophageal portion is 
nonglandular. The cardiac and cardiac- 
diverticulum regions are similar in strue- 
ture except in the newborn pigs when 
parietal cells are found in the cardiac di- 
verticulum but not in the cardiac glands. 
Mucicarmin stain reveals mucin in the 
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cells in the neck and body portions of the 
eardiae glands, the cells lining the gastric 
erypts of the fundic glands, the mucous 
cells in the fundie portion of the fundie 
glands, and in the pyloric gland cells. The 
cells in the fundie portion of the cardiac 
glands and the chief cells of the fundie 
glands appear to be similar. The parietal 
cells of the fundie glands form a collarlike 
arrangement around the chief cells in the 
body of the glands. The mucous and chief 
cells are in the majority in the fundus of 
the fundie gland region. The few parietal 
cells in the fundus of the fundie glands lie 
to the exterior of the chief cells or mucous 
cells, although their cytoplasm at times 
points toward the lumen. 

The pylorie glands are continuous with 
Brunner’s glands, except the muscularis 
mucosae lies beneath the former and is su- 
perficial to the latter. For several centi- 
meters of the duodenum, Brunner’s glands 
form a complete layer around the tube and 
then gradually decrease. They were not 
observed beyond 53 em. from the pylorus. 

The jejunum contains more ‘‘cells of 
Paneth’’ in its glands than does the duo- 


‘ 


denum. No glands are present in the sub- 
mucosa of the jejunum. 


The outstanding characteristic of the 
ileum is the large lvmph nodules in the 
submucosa, which push the museularis mu- 
mosae lumenward and penetrate the tunica 
propria. 

The cecal mucosa contains no villi and 
no granular ‘‘cells of Paneth’’ are demon- 
strable in its glands. Three taeniae are 
seen in the tunica muscularis of the cecum. 

The colon is similar to the cecum in 
structure except that the tunica muscularis 
has only two taeniae. 

The lining cells of the rectum are similar 
to those in the cecum and colon. There are 
no taeniae in the tunica muscularis of the 
rectum, but there is an inerease in the 
amount of elastic fibers present. 

The anus is lined by stratified squamous 
epithelium and has no muscularis mucosae. 
In the corium of the anus are a few 
branched tubular, glandlike structures. 

The gall bladder wall has no muscularis 
mucosae and no glands in the corium. The 
bile duct enters the duodenum alone ap- 
proximately 1.7 em. posterior to the torus 
of the stomach. Branched tubular glands 
oeeur in the submucosa of the bile duct 
but the muscularis mucosae is lacking. 
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The pancreatic duct passes posteriorly 
and obliquely through the wall of the duo- 
denum 10 to 13 em. posterior to the bile 
duct opening. The pancreatic duct does 
not have a muscularis mucosae or a tunica 
muscularis. In the region where the pan- 
creatic duct pierces the tunica muscularis 
of the duodenum, there is a definite thick- 
ening in the inner cireular layer of the 
muscle, indicating that perhaps this acts 
as a valve. 
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Laboratory Studies on Erysipelas 
1. Immunization Against Swine Erysipelas and 
Susceptibility of Swine to Challenge 


M. S. COOPER, Ph.D.; G. PERSONEUS, B.S.; M. J. HARVEY, D.V.M.; 
R. C. PERCIVAL, V.M.D. 


Pearl River, New York 


IN A PREVIOUS paper’ the history of vacci- 
nation against Erysipelothriz rhusiopathiae 
infection was reviewed. The preparation 
and testing of a bacterin * similar to those 
developed by Traub? and Dinter* was 
discussed. Studies in turkey poults were 
reported which indicate that vaccinated 
animals were protected against a severe 
laboratory challenge. 

In this paper, we shall report on the 
experimental immunization of swine with 
this bacterin as tested by the scarification 
procedure of Fortner and Dinter,‘ and 
some observations on attempts at enhane- 
ing Ery. rhusiopathiae infection in swine. 


IMMUNIZATION OF SWINE WITH AN ADSORBED 
ERYSIPELOTHRIX RHUSIOPATHIAE BACTERIN 


MATERIALS AND METHODS 

Bacterin.—The preparation of the bacterin was 
described in the previous communication.’ The sev 
eral lots used in these experiments were tested in 
mice and found to have a p.d.so** of at least 1: 150. 

For immunization purposes, 1 dose of 5 ec. was 
administered subcutaneously into the axilla. 

Challenge Cultures.—Three eultures of Ery. 
rhusiopathiae,* 846, 847, 848, were cultivated at 
37 C. for eighteen hours in yeast bile broth econ 
taining 10 per cent horse serum. 

Experimental Animals.— Forty-seven apparently 
normal pigs, of the Yorkshire type (mixed breed) 
obtained in Maryland, were used for these studies. 
Their weight at vaccination was 40 to 60 lb. 

Experimental Design.—Two experiments were 
planned, one carried out after the completion of 
the other. The pigs used in both experiments rep- 
resented eight litters. The plan of each experi 
ment is shown in table 1. 

From the Lederle Laboratories Division, American Cy 
anamid Co., Pearl River, N. Y. 

The authors are indebted to Mr. F. Katt and his assist 
ants for their invaluable aid in performing the swine 
studies, and to Mrs. D. Budd for assistance in prepara 
tion of the manuscript. 


* Duovax® Erysipelas Bacterin, Lederle Laboratories 
Division, American Cyanamid Co., Pearl River, N. Y. 

** The dose which protects 50 per cent of the animals 
tested. 

+ Obtained from Dr. K. L. Wolters, Germany, where 
they are used for swine scarification by the Fortner 
procedure. 
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Temperature 


Average of & pigs each: 
Control 
Vaccinated 


100 | | 
Jan.7* 6 9 10 WW 12 13 14 
*24 Hrs. postchallenge 


Fig. 1— Average temperature curves, experi- 
ment A. 


EXPERIMENT A 


The 16 pigs used were divided into two equal 
groups, one for viecination and one for unvaceci- 
nated controls. One pig from each of the eight 
litters was placed in each group. 


EXPERIMENT B 


The 31 pigs used were divided into five groups. 
One pig from each litter comprised a control group 
of 8. The remaining pigs were distributed at ran 
dom into four groups of 5, 6, and 7 pigs; each 
group was to be vaccinated with one of four lots 
of bacterin. 


CHALLENGE 


Approximately three weeks after administration 
of the single dose of bacterin, both vaccinated and 
control pigs were challenged by the following pro 
cedure. One side only of each pig was trimmed 
with an electric clipper. At regular intervals, four 
vertical scarifications were made with the tip of a 
scalpel which had been bent and roughened. The 
searifications were just deep enough to produce a 
slight serum ooze tinged with blood. In no ease 
was persistent bleeding observed. Each of the three 
cultures of E¥y. rhusicpathiae was placed on each 
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of three scarifications separately, using a pullorum 
dropper. Each scarification was rubbed vigorously 
with a glass rod. The rearmost searification was 
left untouched as a control. 


RESULTS 


Experiment A.—Seven of 8 control 
pigs showed marked swelling and erythema 
at and around scarification sites within 
twenty-four hours. All control pigs showed 
a definite rise in temperature (fig. 1). The 
swelling and erythema spread to a maxi- 
mum of about 3 in., covering the scarifi- 
eation line during the third and fourth 
days postchallenge and then began to 
subside. 

All vaccinated pigs showed only mini- 
mal swelling at the scarification sites. 
Temperatures remained well within nor- 
mal limits through the postchallenge ob- 
servation period (fig. 1). 

Experiment B.—All control pigs reacted 
as described in experiment A. Likewise, 
vaccinated swine exhibited only a minimal 
reaction at the scarification sites which 
completely cleared in forty-eight hours. 
Temperature reactions in all pigs were sim- 
ilar to those in experiment A, as shown in 
figure 2. 


ATTEMPTS AT ENHANCING ERYSIPHLOTHRIX 
RHUSIOPATHIAE INFECTION IN SWINE 


Although the searification procedure of Fortner 
has been used successfully by several workers out- 
side of Germany, such as Shuman,° Nardelli,® and 
Bakos,’ others have obtained rather inconsistent 
results. Basset* has found groups of swine in 
which about 30 per cent were completely refractory 
to this challenge procedure. 


EXPERIMENT C—EFFECT OF ‘‘ PREPARATION ’’ BY 
PRIOR VACCINATION ON SUSCEPTIBILITY OF PIGS 


Doyle,’ and Thomson and Gledhill ® also reported 
inconsistencies in the scarification procedure and 
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devised a method of ‘‘preparing’’ pigs by prior 
vaccination against hog cholera. In their studies, 
pigs were vaccinated with crystal violet hog cho- 
lera vaccine and challenged three weeks later with 
virulent hog cholera virus. After an additional 
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Temperature 


Control (Av. of 8 pigs) 
Vaccinated (Av. of 23 pigs) 
101 
Range- 4 lots of vaccine 
100 = | | 
Feb. 9 10° 11 12 13 4 185 16 17 
* Date of Challenge 


Fig. 2— Average temperature curves, experi- 
ment B. 


three weeks, a portion of the hog cholera-vacci 
nated and challenged pigs were vaccinated against 
swine erysipelas, with the remainder left as econ 
trols. After a lapse of either four or ten weeks, 
erysipelas-vaccinated and control pigs were chal- 
lenged intramuscularly with 2 ml. of a six-hour 
growth of Ery. rhusiopathiae. None of the ery- 
sipelas-vaccinated pigs showed local or general 
symptoms of erysipelas. The control pigs, however, 
reacted ‘‘violently.’’ Three were killed in extremis 
two and five days after challenge; 2 were severely 
affected but eventually recovered. 

The following is a report on our experience with 
a similar method. 


MATERIALS AND METHODS 


Vaccine.—Crystal violet vaccine (Fort Dodge) 
was injected intramuscularly in 5-ce. amounts. 


TABLE i—Results Following Challenge by Scarification of Pigs Vaccinated with Ad- 


sorbed Erysipelothrix Rhusiopathiae Bacterin and Unvaccinated Controls 


Date 


No. of 
pigs 


Lot of 
bacterin 


Vaccinated Challenged 


26 12/11/52 


Controls 


1/6/53 


56 1 
26 1 
62 1/ 
53 1 


ontrols 2/10/53 


Temp. 
Experiment A 
1/6/53 0/8 


Experiment B 


‘Results 


8/8 minimal 
7/8 marked; began to subside 3rd and 4th day 


5 minimal; completely cleared in 48 hr 
7 minimal; completely cleared in 48 hr. 
5/5 minimal; completely cleared in 48 hr. 
6/6 minimal; completely cleared in 48 hr. 
8/8 marked; began to subside 3rd and 4th day. 


* Two pigs were inadvertently vaccinated with a 10-cc. dose. No reactions were noted after injection 
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Challenge Materials——A 10° dilution of virulent 
hog cholera virus was used and three cultures of 
Ery. rhusiopathiae, 846, 847, 848, as in the bacterin 
experiment. 

Experimental Animals.—Ten Yorkshire pigs, 


Route of Infection 
—— Scarification Cortisone) 
—-—-- Intramuscular (cortisone) 
Scarification (no cortisone) 


Nov.24 25 26 27 28 29 30Dec! 2 3 os 5 

Fig. 3— Average temperature curves, experi- 
ment D. 


Temp re 


weighing 60 to 75 lb., were obtained in Canada for 
use in this experiment. 

Procedure.—Five of the 10 pigs were vaccinated 
with 5 ce. of crystal violet vaccine on July 9, 1953; 
the other 5 were left unvaccinated. On Aug. 6, 
1953, each of the 5 vaccinated avimals was ¢ehal 
lenged with 1 ml. of 10° dilution of virulent hog 
cholera virus injected intramuscularly. These swine 
were observed closely for 21 days postchallenge. 
During this observation period, all 5 challenged 
animals exhibited pyrexia, inappetence, and symp- 
toms of incipient pneumonia. On the eighth post- 
vaccination day. sulfamethazine was administered, 
intraperitoneally, at a dosage of 1% gr. per 
pound of body weight the first day, and 1% gr. per 
pound per day for two additional days, after which 
these pigs were apparently normal. 

On August 26, the 5 hog cholera-vaecinated and 
challenged pigs and the 5 controls were each in 
jected intramuscularly with 7 ml. of a culture of 
Ery. rhusiopathiae consisting of equal proportions 
of cultures 846, 847, and 848. 


RESULTS 

Four of the 5 animals previously ‘‘pre- 
pared’’ with erystal violet vaccine and vir- 
ulent virus, and all controls developed hy- 
perthermia following injection with Fry. 
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rhusiopathiae cultures. Two of the 5 con- 
trols developed an erythema about the in- 
jection site. There were no other devia- 
tions from normal. 


EXPERIMENT D—EFFECT OF CORTISONE ON 
SUSCEPTIBILITY OF PIGS 


Since the introduction of cortisone by Hench,”* 
numerous reports have been published indicating 
that cortisone may decrease the resistance of Jab- 
oratory animals to infection. Berlin** indicated 
that cortisone increases the virulence of normal in 
habitants of the gastrointestinal tract in mice. 
Klingman * noted that the severity of Staphylococ 
cus aureus infection in guinea pigs was enhanced 
by cortisone. 

The purpose of this study was to determine if 
cortisone would influence the severity of the re- 
sponse to several methods of infecting swine with 
Ery. rhusiopathiae. 


MATERIALS AND METHODS 


Materials.—Cortisone acetate (Merek) was ad 
ministered intramuseularly and three cultures of 
Ery. rhusiopathiae, 846, 847, 848, as in the bae 
terin experiment. 

Experimental Animals.—Ten pigs, consisting of 
two litters of 5 pigs each, weighing approximately 
30 to 40 lb., were used in this study. These pigs 
were obtained in Maryland from the same source 
as described in the bacterin experiment. 

Procedure.—The two litters were equally dis 
tributed in two groups of 4 each for the admini- 
stration of cortisone, and one group of 2 was main- 
tained as controls, as shown in table 2. Cortisone 
was administered intramuscularly in a single daily 
dose of 5 mg. per pound of body weight, starting 
two days before infection with Ery. rhusiopathiae 
and continuing for fifteen days. 

Each of 4 pigs in one group was injected intra- 
muscularly into the ham with 10 ml. of a mixture 
of the 3 cultures of Ery. rhusiopathiae. Each of 
the second group of 4, and the 2 cuntrols, was in 
feeted by searification as described previously. 


RESULTS 
One of the 4 pigs treated with cortisone 


and infected by the searification procedure 
died seven days after infection. Erysipelo- 


TABLE 2—Effect of Cortisone Administered to Unvaccinated Pigs on Severity of Re- 
action to Challenge with Erysipelothrix Rhusiopathiae 


No. of ; Route of 
pigs Cortisone infection 


Intramuscular 4/4 minimalat Febrile period appeared 
injection site 
4/4 distinct 


4 Single-daily dose, 
5 mg./Ib., i.m., 2 days 
4 before infection for 
15 days 


Searification 


Results 


Swelling and 
erythema 


Elev. Temp Other 


to be delayed 

Febrile period appeared 1 death 7 days postinfec 

to be delayed tion; Ery. rhusiopathiae 
isolated 


Controls Scearification 2/2 distinct 2/2 
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thrix rhusiopathiae was isolated from all 
tissues cultured. All other animals sur- 
vived. 

All animals infected by the scarification 
method showed distinct erythema and 
swelling at the infection site as described 
in the bacterin experiment. There were no 
differences observed in the severity of ery- 
thema between the cortisone-treated group 
and the 2 controls. The 4 animals infected 
by the intramuscular route showed only a 
minimal erythema at the injection site. Av- 
erages of body temperatures (fig. 3) ap- 
peared to indicate that, to some extent, cor- 
tisone did delay the febrile period. The 
characteristic double peak in temperature 
was absent in cortisone-treated animals, 
and hyperthermia persisted for a slightly 
longer period. 

DiscuUssION 

The value of various methods of immu- 
nizing swine against Ery. rhusiopathiae 
ean best be determined by laboratory chal- 
lenge tests. The employment of field trials 
for information of this sort is extremely 
valuable, but the results obtained can not 
replace critical laboratory studies. 

The role of Ery. rhusiopathiae in the 
syndrome known as erysipelas of swine has 
been questioned with a good deal of justi- 
fication by Doyle,’ and others, probably 
dlue to the inability to produce the classical 
dlisease in the laboratory. 

In our experiments, the scarification test 
of Fortner was successfully used. We be- 
lieve that the lack of skin lesions coupled 
with the lack of change in body tempera- 
ture after challenge is a good indication 
that the animal had been immunized 
against Ery. rhusiopathiae infection. 

We have seldom been able to kill a pig by 
this procedure, and our inability to do this 
is in close agreement with Shuman’s find- 
ings. This fact does not rule out the possi- 
bility that severe losses under field expo- 
sure may be due to an association of Ery. 
rhusiopathiae with other disease conditions, 
making possible the development of an 
Ery. rhusiopathiae septicemia. The above 
statement is not merely conjecture and we 
have already performed some preliminary 
studies along these lines which will be pub- 
lished in a future paper. 

The technique of ‘‘preparing’’ pigs as 
described by Thomson and Gledhill, and 
Doyle was not successful in our hands. 
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However, the test was carried out in swine 
of Canadian origin which we have found to 
respond only poorly to the scarification test. 
We have tested many pigs from Canadian 
sources with uniformly mild lesions at the 
scarification sites and a mild hyperthermia. 
The elucidation of the mechanism of resist- 
ance in these animals is beyond the scope of 
this paper. The possibilities include indi- 
vidual resistance due to an existing or re- 
cent subclinical infection, or to a herd re- 
sistance due to hereditary factors. It does 
not seem likely that the former possibility 
is responsible. The possibility of herd resist- 
ance has been mentioned before. The point 
has been emphasized by Fortner ** who ap- 
parently is attempting to select resistant 
families by breeding. On the other hand, 
the testing of the bacterins used was ¢ar- 
ried out in domestic swine from litters of 
proved susceptibility. If this precaution is 
observed, the test can be quite useful. It is 
hoped that, in the near future, a challenge 
procedure involving more severe reactions, 
including death, in an appreciable share of 
the control animals will be available. 

Administration of cortisone in one study 
reported seems to increase, to some extent, 
the severity of response to searification as 
demonstrated by more prolonged hyper- 
thermia and death in 1 experimental ani- 
mal. The erythema produced was not in- 
hibited by the cortisone. 


SUMMARY 


1) In two studies, a total of 31 pigs were 
immunized with a single 5-ce. dose of an 
adsorbed Erysipelothriz rhusiopathiae bae- 
terin, aCministered subcutaneously. These 
animals and 16 unvaccinated controls were 
challenged three weeks postvaccination by 
the searification procedure of Fortner. The 
controls showed a febrile response together 
with severe swellings and erythema at the 
scarification sites. The vaccinated swine 
showed only a transient and minimal local 
response and no temperature rise. 

2) Five pigs, ‘‘prepared’’ by previous 
vaccination with erystal violet vaccine fol- 
lowed by challenge with virulent hog chol- 
era virus, showed only a febrile reaction to 
an intramuscular infection with rhu- 
siopathiae culture. Five hog cholera-suscep- 
tible controls showed no significant differ- 
ence from the ‘‘ prepared’’ animals in their 
reaction to Ery. rhusiopathiae infection. 


} 
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3) The administration of cortisone be- 
fore and after experimental infection ap- 
parently caused the death of 1 of 4 pigs in- 
fected by the searification procedure. Four 
pigs treated with cortisone, but infected by 
the intramuscular route, survived. Corti- 
sone appeared to change the febrile re- 
sponse to infection with Ery. rhusiopathiae. 
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Experimental Vibrio Fetus Infection in Guinea Pigs 
Ill. Pathogenicity Studies and the Effect of Guinea Pig 
Passage upon Agglutinogens 


E. V. MORSE, D.V.M., Ph.D., and M. RISTIC, Dipl. Vet., D.V.M., M.S. 


Madison, Wisconsin 


CERTAIN bacteriological and pathological 
aspects of Vibrio fetus infection in guinea 
pigs were reported in previous publica- 
tions.*° This investigation deals with the 
pathogenicity of a number of strains of 
this organism and related vibrios isolated 
from domestic animals and man. The prem- 
ise that residence in the laboratory animal 
might alter the antigenicity and suitabil- 
itv of the cells as agglutinogens is also 
considered. 


MATERIALS AND METHODS 


The vibrios which were isolated from the aborted 
fetuses of cattle and sheep were considered to be 
typical representatives of V. fetus on the basis of 
colonial and cellular morphology, while the two 
strains of human origin appeared to be this spe 
cies. The swine dysentery organism was not classi- 
fied; the which were from the 
vagina or prepuce of cattle were probably V. fetus 
and were tentatively classified as such. The micro 
organisms were cultivated on solid agar and semi 
solid mediums under conditions which have been 
described previously.‘ The inoculum for the guinea 
pigs consisted of the growth from agar medium 
which was filtered, thrice washed with saline, and 


vibrios isolated 


suspended in a sterile 0.85 per cent sodium chloride 
solution. The density of the material was stand- 
ardized so that when 0.6 ml. was added to 10 ml. of 
saline a reading of 67 per cent light transmission 
in the Evelyn photoelectric colorimeter with the 
filter was Four cultures of JV. 
fetus, which were isolated from either bull semen 
or bovine vaginal mucus, produced secant 
growth on the solid agar medium that the inocu 
lums were prepared from the dense growth ob 
tained on semisolid medium. The cells then were 
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suspended in sterile saline, filtered through sterile 
glass wool, washed twice with sterile saline, and 
standardized in the same manner as employed for 
the cultures grown on solid medium. 

The 5 guinea pigs employed in each trial were 
estimated to be in the fourth to eighth week of 
pregnancy. The inoculum consisted of 1 ml. of the 
saline Vibrio suspension and was administered by 
the iitraperitoneal route. 

Experimental Group 1.—Ten strains of V. fetus, 
all of which had been cultivated in the laboratory 
for three or more years, were used. Since these or- 
ganisms might have proved to be nonpathogenic or 
of reduced pathogenicity, a total of two intraperi- 
toneal inoculations were made on alternate days. 

Experimental Group 2.—Twenty-one Vibrio 
Most of them had been 
isolated one to two years prior to this study. The 
pathogenicity of these organisms was ascertained 
by administering a single 1-ml. intraperitoneal in- 
oculation of the standardized cell suspension. 

The animals were examined several times daily 
after inoculation. As soon as practicable after the 
time of abortion or signs of impending death, the 


strains were represented. 


guinea pigs were killed, postmortem examinations 
were performed, cultures, and gram-stained smears 


Fig. 1—Uteri of guinea pig showing extensive 
necrosis, hemorrhage, and edema. 
Top—abortion at three days after second intra- 
peritoneal inoculation of Vibrio fetus, RL51. 
Bottom—abortion at one day after inoculation 
with same strain. Vibrios isolated from both 
organs. 
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were made from the uterine contents. Several tubes 
of Albimi Brucella broth containing 0.1 per cent 
agar were inoculated with uterine material 
means of a sterile capillary pipette. The cultures 
were incubated at 37 C. in an atmosphere of 10 per 
cent carbon dioxide and examined periodically for 
evidences of vibrios. The cultures which remained 
negative or were found to be contaminated were 
disearded after seven days. The animals which had 
not aborted or produced young were destroyed at 
sixteen days following inoculation. Autopsies were 
performed and uterine contents cultured for 
vibrios,. 

Antigens were prepared * for the serum aggluti 
nation test from the same material which was em- 
ployed as inoculum for the guinea pigs. These an- 
tigens were designated as ‘‘ original,’’ as they had 
not been subjected to animal passage. As soon as 
a pure culture of the Vibrio strain in Albimi Bru 
cella semisolid medium was obtained from the ex 
perimental animal, some of the growth was trans 
ferred to 16-ounce medicine bottles containing A\l- 
bimi Brucella agar medium containing 2 per cent 
agar. The resultant growth was washed from the 
agar surface and antigen prepared.” This material 
was designated as ‘‘ passed antigen.’’ The original 
and passed antigens were compared as agglutin- 
ogens employing decimal dilutions of specific V. 
fetus antiserums of rabbit origin prepared against 
ten different strains. 


by 


TABLE 1-—Results 


Strain Source No. of abortions 
Pi 


11 


Aborted bovine fetus 


Aborted bovine fetus 


1 day (+++)! 
1 day (+)? , 
10 days (+)? 
13 days (+ —)? 
1 day (+ +)? 
2 days (+)? 

days (+)? 

10 days (—)? 


Aborted bovine fetus 


1 day (+)? 
4 days (+)? 


Aborted bovine fetus 


1 day (+ + — C)? 


3 days (+-)? 


Aborted bovine fetus 


Aborted bovine fetus 1 day (—' +? +* +?) 


7 days (+)? 


Aborted bovine fetus 1 day (— —— )! 


10 days (+)? 


Aborted bovine fetus 1 day (+)! 
2 days (+)? 
3 days (+)? 
\borted bovine fetus 1 day (+)? 
3 days (+)? 
8 days (+)? 
Aborted ovine fetus 1 day (+ 4 +-)? 
lat days (+4-)* 


+ V. fetus isolated in pure culture from uterus. Each 


C—Uterine culture contaminated; *—-following first inoculation; ? 


gravid; t—animal destroyed when very ill. 


E. V. Morse ano M. Rustic 


No. of parturitions 
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RESULTS 


All strains of V. fetus included in experi- 
mental group 1 produced abortion in 2 or 
more of the 5 inoculated animals. Pure cul- 
tures of the organism were isolated from 1 
or more guinea pigs of each strain group 
following abortion. Abortions occurred as 
long as thirteen days and as early as the 
first day after inoculation. The vibrios were 
capable of residing in the pregnant uterus 
for periods up to fifteen days and could be 
demonstrated at the time of parturition or 
disposal by bacteriological culture. An 
abortion rate of 78 per cent was observed 
for the guinea pigs of this group. Severe 
illness and death were observed in 2 
animals. The results are summarized in 
table 1. 

Group 2 animals, which were given a sin- 
gle inoculation of known V. fetus strains, 
aborted at one to sixteen days. The abor- 
tion rate for the group was 62.5 per cent. 
Vibrio fetus was isolated in pure culture 
from 1 or more of the 5 animals which were 
inoculated with each strain. Parturitions 
oecurred at one to sixteen days following 
inoculation and the organism was recovered 


Obtained Following Intraperitoneal Inoculation of Group 1 Guinea 


No. destroyed No. died 


2 at 12 days (+ —*)? 


l at 8 days (—)? 


lat 15 days (—)? days (+)*7 


at 15 days (+)? 


1 at 2 days (C)!? 


lat 1 day (4 at 15 days (—)? 


Lat 5 days (—)? at 15 days ( 


1 animal; V. fetus not isolated from uterus 
following second inoculation; *—animal non 


indicates 


) 
| 
i” 
ig 
ig 
a, 
14 
i 3 
23 
3 Pigs with Vibrio Fetus FF 
Termination and bacteriological findings 
= 8 | at 
at 
2 at 
at 
1 at 
at 
lat 
REL 51 
R 3 
at 
M2 
5455 
a 
1 
‘ 
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from two or more uteri or fetuses. One of 
the strains, K, produced the death of 3 ani- 
mals and the Vibrio organism was cultured 
from 1. 

Most of the V. fetus-like strains which 
were originally cultured from bovine se- 
men, bovine prepuce washings, or vaginal 
mucus gave results similar to those obtained 
with V. fetus, with the exception of three 
strains (9, 55, and 20). The inoculation of 
the later organisms resulted in one or no 
abortions and the vibrios were not reiso- 
lated from uterine material. The abortion 
rate for the group was 46 per cent. The 
swine dysentery Vibrio organism produced 
early abortion and was readily cultured 
from all animals. The two strains of human 
origin reacted similarly to V. fetus and 
were readily cultured from infected mate- 
rials. The results of this experiment appear 
in table 2. 

The gross pathological alterations ob- 
served in bacteriologically positive uteri 
were marked. The changes consisted of ne- 
crosis, extensive hemorrhage, and edema. 
The uteri usually contained a bloody, mu- 
cous exudate (fig. 1). Vibrio fetus, strain 
K, obtained from an aborted ovine fetus, 
produced generalized infections character- 
ized by diffuse, fibrinous peritonitis, ad- 
hesions, hepatic necrosis, and acute 
choleeystitis. 

Three strains of V. fetus, 13, M3, and 
413, were significantly improved with re- 
spect to suitability as agglutinogens follow- 
ing residence in the guinea pig uterus for 
eight, fifteen, and sixteen days, respec- 
tively. This superiority was based upon the 
fact that the passed antigens were agglu- 
tinated at three or more tube dilutions 
higher than the original antigen when 
tested against ten specific V. fetus antise- 
rums. The passed antigen of 13 proved bet- 
ter with six serums, that of M3 with five 
serums, and that of 413 with two serums. 
Agglutinogens prepared from four strains 
following a two- to twelve-day residence in 
the guinea pig proved to be slightly supe- 
rier to original or nonpassed antigens. The 
passed antigens of these strains gave eom- 
plete agglutination, while the original anti- 
gens were only partially clumped. Fifteen 
strains, which were reisolated from the host 
animal after one to fifteen days, showed no 
significant difference or improvement when 
emploved as agglutinating antigens. Four 
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which prior to passage had ap- 
were 
pig 


strains, 
peared to be 
equally worthless 
passage. 


useless as antigens, 
following guinea 


Fig. 2—Liver of guinea pig given a single intra- 
peritoneal inoculation of Vibrio fetus, K. Ani- 
mal died at two days. Enlarged and inflamed 
gall bladder, areas of hepatic necrosis, and ad- 
hesions to the peritoneum are evident. Vibrio 
fetus isolated from the liver and uterus. 


DiscCUSSION 


A large number of viable cells, approxi- 
mately 18x 10°, constituted the inoculum. 
It is possible that some of the severe inflam- 
matory reactions and abortions may have 
been due, in part at least, to the foreign 
protein and not the pathogenic propensities 
of the vibrios. However, a considerable 
number of strains were capable of uterine 
residence and responsible for abortions at 
seven to sixteen days postinoculation. Such 
circumstances indicate a definite predilec- 
tion for the gravid uterus and that in these 
eases the foreign protein reaction is cer- 
tainly negligible. 

Cultures which originated from porcine 
or human material readily produced early 
abortion following intraperitoneal inocula- 
tion. Similar results were obtained with 
many of the V. fetus strains originally iso- 
lated from the bovine vagina, prepuce, or 
semen. Three strains of this group were 


“ty 
; \ 


TABLE 2—Results Obtained Following Intraperitoneal Inoculation of Group 2 Guinea 
Pigs with Vibrio Cultures 


Termination and bacteriological findings 


Strain Source No. of abortions No. of parturitions No. destroyed 


but 


Aborted bovine fetus at 1 day (+-) 


at 3 days (+) 


2 days (+) 
3 days (+) 
4 days (+) 
12 days (+) 


Aborted bovine fetus 


Aborted ovine fetus 5 days (+ +) 
7 days (+) 


Aborted ovine fetus 1 day (+ +) 
2 days 


3 days 
2 days 
4 days 
5 days 


Aborted ovine fetus 


2 days (+ 
5 days (— 
7 days (+) 


Aborted ovine fetus 


Aborted ovine fetus 2 days (+) 
16 days (+) 
Aberted ovine fetus 1 day (+ +)** 


1 day (+-) 
9 days (+-) 


Bovine vaginal mucus 


1 day (+ 
2 days (+ 


Sovine vaginal mucus 


1 day (4+ 
3 days (4 


3ovine vaginal mucus 


sovine vaginal mucus 3 days ( 


Bull semen 1 day (+ +) 


5 days (+) 


day (4-) 
days (+) 


semen 


3 


5 days (+) 


semen 2 days (+) 
10 days ( 


14 days ( 


sull semen at 3 days ( 


Bull semen 


Bull preputial washing 2 at 2 days (4 
8 days ( 


Swine dysentery 1 day (+ 


2 days (+) 


Human blood day (+ 


2 days (+4 


3 days (+) 


Human blood at 2 days (+) 
3 days (+) 


", fetus isolated in pure culture from uterus. Each 
observed in wetmount or stained preparation; — V. 
C—Uterine culture contaminated ; animal destroyed 
washed semisolid agar culture inoculated. 


at 1 day (+) 
at4 days (—) 
at 6 days (—) 


at 10 days ( 


2 days ( 
6 days ( 


16 days ( 1 at 16 days ( at 4 days (C) 


at 2 days 


1 at 1 day (4 at 1 day (C) 


1 at 15 days ( 


5 days ( 


10 days ( 
12 days ( 


1 day ( 

3 days ( 
5 days ( 
8 days ( 


10 days ( 
15 days ( 


13 days ( 
14 days ( 


15 days ( 
15 days 


3 days ( 
5 days ( 
7 days ( 


8 days ( 


3 days ( 
4 days ( 
8 days ( 
10 days | 
12 days ( 


11 days ( 
12 days ( 


1 at 1 day (+) 
1 at 6 days (C) 
1 at 12 days (+) 


indicates 1 animal; + V. fetus not isolated from uterus 


fetus not isolated, 


when ill; ** V. fetus isolated from liver of 1 animal: 


ia 
No. died 
— 
l 
l 
9R1 1 at — >) 
1 at 
1 at 
1 at 
2221 lat +) 
at ) 
) 
1 at (+) 
53D173 1 at (+) lat2days(+)* 1at1 day (+)* 
1 at (+) ig 
1 at (+) 
is 
412 ee 2 at +) 1 at 1 day (+)* i= 
1 at 
1 at ] 
413 i@ 
i 
K 
lat — ) 
6 3 at r+) lat —) 
1 at ) 
87 2 at +-) 1 at ) 
1 at ) 1 at ) 
9  — ) Lat ) 
1 at ) 
l at ) . 
1 at ) 
27 1 at 
lat at 
54 i 1 at | 1 at ) 
1 at 1 at ) 
lat 
56 Bull 1 at ) 
) 1 at ) 
lat 
55  — ) Lat ) 
1 at ) 
1 at ) 
lat —) 
20 1 at ) 
l at ) 
1 at ) 
1 at ) 
l at ) 
) 1 at ) 
7298 + +) 
1134 
2 at +) 
lat 
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much less active. The abortions, which 
often occurred the day following inocula- 
tion, may have been secondary to the severe 
systemic inflammatory response induced by 
the agent or its protein. The fact that the 
organisms were isolated from the genital 
tract as early as the first postinoculation 
day does not indicate any selective affinity 
for the uterine or fetal tissues. However, 
the typical V. fetus strains which were iso- 
lated from cases of ovine and bovine abor- 
tion appeared to prefer the gravid uterus 
and often produced abortions at as long as 
seven to sixteen days following inoculation. 
A true predilection was apparent. Abortion 
rates for the V. fetus strains of 78 per cent 
(table 1) and 62.5 per cent (strains 2029-K, 
table 2) as contrasted to 46 per cent for the 
strains of mucous membrane or semen ori- 
gin (strains DLF-41) indicate a significant 
difference in pathogenicity on the basis of 
origin. The latter two figures give a more 
equitable comparison since the animals of 
group 2 received a single inoculation, while 
those of group 1 received two inoculations. 
These findings may indicate that one is 
dealing with two or more species or that 


some pathogenic variant has been produced. 
An antigenic relationship between the 
two strains of human origin and eight of 12 


strains of V. fetus was demonstrable by 
the serum agglutination test. Since the 
V. fetus group exhibits serological hetero- 
geneity,':® the evidence does not preclude 
that these organisms are separate species or 
at least antigenic variants of a common 
Vibrio type. 

The passage of the vibrios in pregnant 
guinea pigs indicated that three of the cul- 
tures had been altered at least antigenically 
by such procedure. The possibilities are 
that either such residence altered the cells 
per se or that the less virulent members of 
the cell population were reduced or elimi- 
nated. Either of these two situations might 
well be responsible for the improvement 
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noted in the antigen prepared from guinea 
pig passage Vibrio cells. Since the three 
strains which showed demonstrable agglu- 
tinogenic superiority had resided eight, fif- 
teen, and sixteen days in the host, it follows 
that such a sojourn might well favor this 
change. The premise that such procedures 
would alter antigens by either producing or 
eliminating variant types of V. fetus war- 
rants further attention. 


SuMMARY 


The pathogenicity of 31 strains of Vibrio 
fetus or V. fetus-like organisms for preg- 
nant guinea pigs was investigated. The ma- 
jority produced abortion, and isolation of 
the agent from genital tract or fetal mate- 
rials at the time of autopsy was accom- 
plished. Residence in the host for periods 
of sixteen days was observed. The gross 
pathological changes seen in the infected 
animals are discussed. 

Three of the strains, following guinea pig 
passage, proved to be more suitable as anti- 
gens for the serum-agglutination test than 
were the cells which were not subjected to 
the passage procedure. The evidence may 
indicate that either variant types are being 
eliminated or that antigenic variants are 
produced or allowed to multiply during 
parenteral residence in the guinea pig. 
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The Secondary Immune Response in Chickens Revaccinated 
with Inactivated Newcastle Disease Virus Vaccine 


M. S. HOFSTAD, D.V.M., Ph.D. 


Ames, Iowa 


The purpose of this investigation was to 
extend the previous observations regarding 
the secondary immune response to inacti- 
vated Neweastle disease virus vaccine, and 
to determine whether the initial dose could 
be given at 2 days of age rather than at 3 
weeks or later as had been done in previous 
experiments. 

LITERATURE CITED 
data were presented to 
chickens to 


In previous reports’ 
indicate an increased resistance in 
Neweastle disease virus (NDV) when two doses of 
inactivated vaccine were given at least nine weeks 
apart and preferably longer. 

Brandly et al.® observed that a group of chick- 
ens revaceinated after an eight-week interval had 
a considerably lower incidence of challenge infec 
tion than did lots vaccinated onee or lots revacci 
nated at shorter intervals. 

Waller and Gardiner’ have shown that chickens 
have greater resistance to challenge when a second 
inactivated Neweastle disease vaccine is 
given thirteen weeks following the initial dose. 


dose of 


PROCEDURE 


Six experimental groups were made from 357 
White Leghorn chickens of both sexes (table 1). 
The chicks were hatched from eggs laid by hens 
which were susceptible to Neweastle disease. They 
were housed in the same house for the first four 
months, and at the end of that time group 6 was 
moved to another house until the completion of 
the experiment. 

An alumina-gel, formalin-inactivated, commer 
cial vaecine was used. Distributed through the six 
groups were 187 chicks which were given the first 
dose of 0.5 ml. of vaecine at 2 days of age (table 
1). At 4 weeks of age, 25 chickens from group 2 
were given a l-ml. dose of vaccine for the first 
time. These were to serve as onee-vaceinated eon 
trols for the chickens which were given a second 
dose at the same age. At the same time, the 25 
chiekens which had been vaccinated at 2 days of 
age in group 2 were given a second 1-ml. dose of 
vaccine. Eleven chickens were left as unvaccinated 
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controls in group 2. At 8, 12, 16, and 20 weeks of 
age, groups 3, 4, 5, and 6, were 
handled similarly to groups 2 (table 1). After 
the chickens in each group were vaccinated they 
were kept in the following four 
months until challenge. 

Each group was challenged with the GB-Texas 
1948 strain of Neweastle disease virus four months 


respectively, 


isolated pens 


after the second or final dose of vaccine had been 
given. The challenge dose, dropped into both nos 
trils, was 0.1 ml. of a 1:100 dilution of pooled 
infected allantoic fluid. The interpretation of the 
challenge was based on results of attempts to iso 
late the from the blood, spleen, or 
ninety-six hours following challenge as described 
previously.’’~ In one half of the chickens in groups 
5 and 6, the challenge dose was increased to 0.1 
ml. of a 1:10 dilution. On the day of each chal 
lenge the inoculum was titrated in embryonating 
eggs and also in chickens 6 to 9 weeks old by the 
method previously described.’ The results of these 


virus lung 


titrations are given in table 2. 


RESULTS 

The results of challenge of each of the 
six groups are presented in table 2, and in 
figure 1. Four months after a single 0.5- 
ml. dose of vaccine, challenge results indi- 
eated 4 of 26 chickens were immune in 
group 1. A second dose of 1 ml. given to 
23 chickens in group 2 at 4 weeks of age 
did not result in a greater number of re- 
sistant individuals since 47.8 per cent of 
these were immune as compared to 52 per 
cent protection for the onece-vaccinated 
chickens. In group 3, the second 1-ml. dose 


TABLE 1—Plan of Experiment 


Age at time of : 
Age in 


weeks at 
challenge 


No. Chickens* 
second 
vac. 


first 


Group unvac. vac. vac. 


11 2 days 16 
11 25 2 days weeks 20 
25 weeks 20 

2 days . weeks 24 

weeks 24 

2 days 2 weeks 238 

2 weeks 28 

2 days } weeks 32 

weeks 32 

2 days weeks 36 

weeks 36 


Numbers given include 15 chickens which died from 
miscellaneous causes during the course of the experiment. 
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of vaccine, given at 8 weeks, likewise failed 
to increase significantly the resistance to 
challenge (66.6%) when compared with 
the once-vaccinated control birds (63.2 % ). 

In group 4, a second dose given at 12 
weeks of age resulted in a greater immu- 
nity than that which developed among the 
birds vaccinated once at 12 weeks of age. 
Of the twice-vaccinated chickens 87.9 per 
cent resisted challenge as compared to 28.6 
per cent for the once-vaccinated individu- 
als. Part of this difference probably was 
due to a lesser immunity from one dose of 
vaccine administered to chickens older 
than 8 weeks (groups 4, 5, and 6). 

The chickens in groups 5 and 6 re- 
sponded to challenge with almost identical 
results indicating that a second dose given 
to chickens sixteen or twenty weeks after 
the initial dose greatly enhanced the birds’ 
resistance to NDV. At the end of four 
months, 94.7 per cent and 94.4 per cent, 
respectively, of the twice-vaccinated chick- 
ens in groups 5 and 6 resisted challenge 
infection as compared to 20 per cent among 
the onee-vaccinated control chickens. 

When a tenfold increase in challenge i- 
rus was given to half of the birds in groups 
5 and 6, the percentage of birds with im- 
munity was decreased by approximately 40 
per cent in each group of twice-vaccinated 
chickens (table 2). However, the increased 
challenge dose did not lower the percent- 
age of immune individuals among the onee- 
vaccinated chickens. While not anticipated 
in the original plan of the experiment, 
twenty-five blood samples were collected at 
the time of challenge from the twice-vacci- 
nated chickens in group 6. The serum sam- 
ples were tested for virus infectivity neu- 
tralizing antibody levels using the GB 
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challenge virus. Three serums had 1,000 or 
less neutralizing doses. Two of these birds 
failed to resist the increased challenge dose. 
Two serums had between 10° and 10* neu- 


Per cent immune 


Swks. (Gwks. 2Owks 


1 
2doys 4wks. 


Age at vaccination 


——._ Given a single dose at age indicated. 
Initia! dose given ot 2 doys; second given ot 4,8, 12, 16,and20whs. 
Fig. 1—Percentage of vaccinated chickens im- 
mune to intranasal challenge with 0.1 ml. of 
dilution of Newcastle disease virus in- 
fected allantoic fluid. 


tralizing doses and both of these chickens 
failed to resist the inereased challenge 
dose. Three serums had between 10* and 
10° neutralizing doses and 1 of these failed 
to resist the increased challenge dose. 
Eleven serums had between 10° and 10° 
neutralizing doses. Four of these chickens 
were challenged with the 10°? dilution of 
virus and 1 failed to resist. Seven of the 
chickens were challenged with the tenfold 
inerease in dose and 2 failed to resist the 
challenge. Six serums had 10° or more neu- 


TABLE 2—Resulis of Challenging Vaccinated and Unvaccinated Control Chickens with 
Newcastle Disease Virus 


Chickens infected by 
challenge/number challenged 


vaccinated 


Group unvaccinated once twice 


11/11 

10/10 

11/11 
9/9 
5/5 
4/4 
5/5 


4/4 


* This half of groups 5 and 6 birds received a tenfold greater challenge dose. 


** 108-5 embryo lethal doses per 0.05 ml. dose. 
+ 10*%-82 chicken infective doses per 0.1 ml. dose. 


Titer of challenge 
Per cent immune virus in 


vaccinated 

chickens 
10-*.32+ 
10-5.% 
10-8. 


once twice embryos 
10-8 
10-%.° 
10-* 3 
10-*.° 
10-9 5 


15.4 

52.0 47.5 

63.2 66.6 
37.9 
94.7 
55.6 
94.4 


52.9 


10-*.° 10-5.8 


100 94.7 94.4 
90 
80 
70 66.6.” 
263.2 

60} 

50F 

aol 

30} 26.6 

200 
15.4 
1 22/26 
2 12/25 12/23 
3 7/19 
4 15/21 4/33 
5 8/10 1/19 
5° 8/10 8/18 
6* || 8/10 8/17 20.0 7 
: 
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tralizing doses and all these birds resisted 
the challenge. 
DiIsCUSSION 


The results presented confirm the obser- 
vations previously reported that the degree 
of immunity obtained following two doses 
of inactivated Neweastle disease vaccine 
depends to a great extent upon the interval 
between doses. In this study, the secondary 
immune response following a second dose 
of vaccine given at twelve weeks after the 
initial dose was much greater than the re- 
sponse following a dose given at eight 
weeks after the initial dose. In addition, 
the data indicate that an initial dose given 
at 2 days of age prepares the birds for an 
anamnestic immune response to a subse- 
quent dose of vaccine which is comparable 
to the response observed previously ' when 
the initial dose was given at 3 weeks of 
age, 

The response of 4- and 8-week-old chick- 
ens to a single dose of Neweastle disease 
vaccine is interesting. The poor response 
of 2-day-old chicks was expected, but the 
resistance to infection of 52.0 and 63.2 per 
cent of the birds given a single dose of 
vaecine at 4 and 8 weeks of age was not an- 
ticipated in view of the relatively poor im- 
munity in the chickens vaccinated once at 
12, 16, and 20 weeks of age. The differen- 
tial response of chicks vaccinated once at 4 
weeks or at 8 weeks of age compared with 
that among birds younger or older at first 
vaccination is statistically highly signifi- 
eant (P < .01) based on a chi-square test.® 
Additional information is needed on this 
phase of Neweastle disease immunization 
of individual groups of birds with inacti- 
vated vaccines. The difference in immu- 
nity between the twice-vacecinated chick- 
ens in groups 4, 5, and 6 is not significant. 

The response of birds in groups 5 and 6 
to a tenfold increase in challenge virus in- 
dicates that the challenge dose can change 
the apparent results considerably. It em- 
phasizes the importance of defining an ade- 
quate challenge dose. Had a dosage of 0.1 
ml. of a 10° dilution of challenge virus 
been used throughout the experiment, the 
results might have been different. How- 
ever, since all controls became infected, 
and in groups 5 and 6, 80 per cent of the 
once-vaccinated became infected, it is be- 
lieved that the smaller challenge dose was 
adequate in this experiment. While the re- 
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sults of testing the serums from grou § 
birds were variable, only two serums had 
less than 1,000 neutralizing doses. Follow- 
ing challenge the virus was recovered from 
1 of these birds but not from the other. 
The high titer of neutralizing antibody in 
the other serums is in agreement with the 
finding that 94.4 per cent of the birds in 
group 6 resisted challenge to the 10° dilu- 
tion of virus. However, when the tenfold 
inerease in challenge dose was given to 14 
of the chickens whose serums were tested, 
7 of the 14 failed to resist the challenge in- 
dicating that the challenge was either over- 
whelming or that the virus is permitted to 
multiply in the respiratory system even 
though the serum possesses high antibody 
levels. 
SUMMARY 

Six groups of chickens were used to de- 
termine the secondary immune response to 
a ‘‘booster’’ dose of inactivated Neweastle 
disease vaccine. Controls consisted of un- 
vaccinated chickens and «hickens vaeci- 
nated once at the time the second dose was 
given. The initial dose was given at 2 days 
of age to the twice-vaccinated group and 
the second dose was given at intervals of 
4, 8, 12, 16, and 20 weeks, respectively. 
Four months after the last dose of vaecine 
each group was challenged by intranasal 
inoculation of the GB-Texas-1948 strain of 
Neweastle disease virus. Of the chickens 
revaccinated at 12, 16, or 20 weeks of age, 
87.9, 94.7, and 94.4 per cent, respectively, 
were resistant to the challenge as compared 
to 28.6, 20.0, and 20.0 per cent of the onee- 
vaccinated control chickens. Chickens vac- 
cinated once at 4 or 8 weeks of age pos- 
a significantly greater immunity 
than groups of birds vaccinated once at 2 
days, 12 weeks, 16 weeks, or 20 weeks of 


age. 


sessed 
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The Therapeutic Effect of Streptomycin on Infectious Coryza 
of Chickens Caused by Hemophilus Gallinarum 
I. Blood Serum Levels of Streptomycin in Chickens 


S. BORNSTEIN, B.S., D.V.M., and Y. SAMBERG, Dr. Vet. Med. 
Tel Aviv, Israel 


was apparently the first in- 
vestigator to report good results following 
intramuscular injections of streptomycin 
and dihydrostreptomycin (sulfate) in the 
treatment of chickens suffering from infee- 
tious coryza type II, that is, a coryza 
eaused by coccobacilliform bodies.* This 
limited study has not been followed with 
further publications in the veterinary lit- 
erature and, to the best of our knowledge, 
the only other report on this subject comes 
from Italy. However, according to local 
poultrymen returning from visits to Hol- 
land, the treatment of coryza with strepto- 
mycin has become a routine procedure in 
that country. From there, this method of 
therapy has spread to Israel with surpris- 
ing success. 

The purpose of this study was to ascer- 
tain whether the accepted use of a very 
high (and almost uneconomical) dosage of 
streptomycin was justified, and to discover 
a few characteristics about the type® of 
coryza, and its pathogen, prevalent in Is- 
rael. In order to establish the correct 
dosage for an efficient treatment of infec- 
tious diseases with antibiotics, it is neces- 
sary to determine the sensitivity of the 
pathogen to this antibiotic and the blood 
levels obtainable with the latter. Conse- 
quently, the first report of this series will 
deal with the blood serum levels of strep- 
tomyein in chickens. 


LITERATURE CITED 


In veterinary medicine, blood serum levels of 
strep.omyein have been determined for horses,” 
cattle,” sheep,® goats,® and dogs;'*""** and in 
laboratory animals for monkeys,” rabbits gui 
nea pigs,” and mice.” However, no systematic 
determinations of such blood levels have been 
made for poultry. According to the literature at 
our disposal, the only approach to such a study 
was made by Huebner et al.” in turkeys, who de- 

From the Government Poultry Field Laboratory, Live- 
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termined their blood levels after implantation of 
penicillin-streptomycin pellets and, for compari 
son, after injecting 25 mg., subcutaneously. 


MATERIALS AND METHODS 


Antibiotic.—All injections were made with di 
hydrostreptomycin (sulfate) of various brands. 
No significant differences in the serum level re- 
sponse of chickens could be correlated with the use 
of products of various foreign origins or of local 
packaging. The various doses of streptomycin 
were injected as a l-ee. solution diluted with 
sterile distilled water. According to the recent re 
port of Gratz] et al.," this might have been a mis 
take, beeause these workers found that the dura 
tion of blood concentrations is not only dependent 
on the dosage of streptomycin but also on the con- 
eentration of the injected solution. Thus, in horses 
receiving a dose of 5,000 units per kilogram of 
body weight, a solution containing 50 per cent 
streptomycin gave detectable blood concentrations 
for twenty-eight hours, while one of 9 per cent, 
for only ten hours. A similar situation was de- 
seribed for cattle and for dogs, in which the same 
dosage gave increasingly longer blood concentra 
tions when the concentration of the injected solu 
tion rose from 9 per cent to 16 per cent, to 33 per 
cent and to 5U per cent. On this basis, our injected 
streptomycin solutions varied from 2.5 per cent 
for the dose of 25,000 units (ug.) to 20 per cent 
for the 200,000-unit dose. 

Chickens.—The chickens used (except for the 
young ones of table 2) were 12 adult Leghorn hens 
kept in cages in the laboratory. Their weight var- 
ied from 1.25 kg. to 2.25 kg., half of them fell 
within the range of 1.50 to 1.80 kg., and the mean 
weight was 1.70 kg. 

Collection of Serum.—Blood samples were ¢ol 
lected into sterile test tubes from the wing vein by 
means of a slight incision with a sterile razor 
blade after suitable preparation of the site (pluck 
ing of feathers and rubbing with aleohol). Sev 
eral minutes after the slanted clot had formed, it 
was freed from the tube walls by energetic tap 
ping of the test tube against the palm of the 
hand. 
its thin end between the cotton stopper and the 
glass wall of the tube. The latter was placed into 
a bacteriological incubator for one hour and left 
night in a household-type refrigerator. In 
this manner, a maximum of nonhemolyzed serum 
was obtained from relatively small blood samples 


The free clot was suspended by squeezing 


over 
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without resorting to centrifugation. Many steril 
ity tests performed on such serum samples, which 
were collected in this manner for the first time in 
connection with the determination of penicillin 
blood concentrations,” proved that this method 
was very satisfactory in spite of its crudeness. The 
same bird was never tested more than once a week, 
and usually less frequently. 

Assay Procedure.—Except for two slight tech 
nical modifications, exactly the same assay method 
was used as has been described in a previous paper 
for the determination of penicillin-serum levels.”' 
This simple method proved itself suited for the de 
termination of streptomycin concentrations in 
blood serum, yielding end points which were more 
clear-cut than those obtained with penicillin. A 
later survey of the literature showed that this 
method is similar to the one described by Price 
and co-workers,” except for the test organism. Our 
procedure was as follows. Each test consisted of 
a series of tubes sufficient to insure an end point, 
the first tube of each series being empty and the 
others containing 0.5 ce. of sterile, plain, nutrient 
broth. Into each of the first and second tubes was 
placed 0.5 ee. of the serum sample; serial twofold 
dilutions were made through the tubes in the series 
starting from the second tube. For the control 
series, which was included in each batch of tests, 
commercial streptomycin was diluted in sterile, 
distilled water to a concentration of 4 units per 
cubic centimeter. As with the serum samples, 
doubling dilutions were made with this standard 
streptomycin solution. To each tube of the stand 
ard and of the serum series, 0.5 c¢. of inoculum 
was added. 

Test Organism.—Since this is a comparative test, 
any organism sensitive to the bacteriostatic action 
of streptomycin is suitable. Thus, for instance, 
Price and co-workers” used Bacillus circulais, 
Hughes and Farmer ™ used Friedlander’s Bacillus, 
and we continued with our strain of Staphylococ 
cus aureus (of mastitis origin). Since the action 
of streptomycin is influenced by such factors as 
size of inoculum, physical state of medium, dura 
tion of incubation, et cetera,’ some prelim 
inary tests were performed in order to determine 
the optimum dilution of the organism in the inoe 
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ulum. As a matter of fact, inconsistent differences 
of one tube each were found between dilutions ot 
1:100, 1: 10,000, and 1:1,000,000. For technical 
reasons, it was decided to use an inoculum consist 
ing of a 10° dilution in plain broth of an eighteen 
hour broth culture. 

Interpretation of Tests.-Readings were made 
after twenty-one hours of incubation at 36 to 37 C., 
and the last tube in which no bacterial growth was 
perceptible was considered as end point. After di 
reet comparison with the standard series, this titer 
was then expressed as units (ug.) of streptomycin 
per cubie centimeter of serum. The above test de 
tected potencies as low as 0.12 units of strepto 
mycin per cubic centimeter of serum (and some 
times even 0.06 u./ce.); therefore, values of 0.0 in 
the tables mean more <0.12. The 
sensitivity of this test is completely adequate, be 
cause a minimum of 3 to 6 units per cubic cent 


accurately, 


meter of serum are considered to be necessary to 
overcome most of the susceptible organisms. 

Serological titrations may at times show un 
usual and extreme values which easily distort th 
arithmetic mean. Consequently, all averages are 
computed and expressed as ‘‘median,’’ 
which is not influenced by 
values. 


an average 


single or exeeptional 


RESULTS AND DISCUSSION 


Table 1 summarizes the serum level re- 
sponse of adult chickens to various doses 
of aqueous streptomycin injected intra- 
muscularly. Obviously, the serum level re- 
sponses of different chickens receiving the 
same dosage of streptomycin were quite 
uniform for corresponding assay periods, 
and the ranges in blood concentrations did 
not exceed fourfold limits. Similar uni- 
form results were reported by Doll and co- 
workers.’ Twofold increases in dosage did 
not consistently double the serum conecen- 
tration. 

When table 1 is compared with the cor- 
responding table of a previous paper of 
this laboratory on penicillin blood levels 


TABLE 1—Serum Levels Following Intramuscular Injection of Streptomycin (Six Trials 
per Dosage) 


Units of streptomycin per ec. of serum at specified hours 


Dosage 


Results 
Units expressed 
per kg.* as 


15,625 


Units per 
chicken 


25,000 


range 
median ** 
range 
median 
range 
median 
range 
median 


50,000 


31,256 
100,000 62,500 


200,000 125,000 


after injection 
(hours) 


8 


0.25-0.5 
0.25 
,25-0.5 0.0-0.0 
0.37 0.0 
.5-1.0 5-0.5 0.0-0.12 
1.0 5 0.0 
0.5-2.0 


0.18 


* Based on median weight of 1.6 kg. per chicken; 


** Based on six trials; +0.0 = < 0.12. 


j 
ig 
2-4 2-4 1-2 0.25-1.0 
2 4 1.5 0.5 
4-4 4-16 1-2 .5-1.0 
4 4 3 0.75 
16-64 4-16 1.0-2.0 
16 2.0 
ee 16-64 4-16 1-4 
32 12 4 2.0 9.75 iz 
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in chickens,”* one major difference becomes 
immediately apparent between the serum 
level responses of chickens to intramuscu- 
lar streptomycin and penicillin. The lat- 


TABLE 2—Blood Levels in Chickens of Differ- 

ent Weights Following Intramuscular Injec- 

tions of 100,000 Units of Streptomycin per Bird 
(Units per Cubic Centimeter of Serum) 


Blood levels after hours 


Dosage 
6 

0.300 

0.350 
0.450 9990 999 
.550 181,818 
.750 133,333 
.850 117,647 
.000 100,000 
.350 74,074 
66,666 
66,666 
.600 62,500 
.600 62,500 
800 55,000 
900 52,631 


absorbed very fast into the blood 
stream, yields maximal blood concentra- 
tions ten to twenty minutes after the 
injection and, after one hour, these concen- 
trations are only one quarter of the maxi- 
mal ones. Streptomycin, on the other hand, 
is absorbed slowly and reaches maximal lev- 
els in the chicken blood approximately one 
hour after administration (not enough de- 
terminations were made half an hour after 
injection, and none two hours later, to fix 
more definitely the time of maximal blood 
concentrations). On a whole, the serum 
levels three hours after the injection are 
approximately one half, and those after six 
hours about one eighth, of the one-hour 
level. 
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Not only is streptomycin absorbed slowly 
into the blood stream, as compared with 
penicillin, but its relatively slow elimina- 
tion from the body makes for a longer 
maintenance of blood concentrations, even 
without the aid of special agents for the 
retardation of its absorption into, and its 
excretion from, the blood. In comparing 
these two antibiotics in dogs, Manuila *® 
shows that, under certain conditions, 60 
per cent of penicillin is found in the urine 
within one hour after its injection and 100 
per cent within four hours, while with 
streptomycin, 50 per cent of the injected 
dosage is found in the urine within two 
hours; at the end of twenty-four hours 80 
per cent was thus eliminated. 

In man, there is a tendency to slightly 
higher values two hours after the injection 
of streptomycin than after one hour,’* but 
in horses* there is a reverse tendency. In 
cattle,* maximal blood concentrations are 
obtained after two hours, while in sheep,® 
after two hours they are the same or less 
than after one hour. The dog seems to be- 
have exceptionally in this respect by show- 
ing its highest blood concentrations one 
fourth to one half hour after the injee- 
tion.**** All the above species, as is the 
ease with chickens, maintain approximately 
half of their maximal serum level to about 
three hours after the injection. 

It is customary to express the dosage of 
antibiotics as units of the material per unit 
of body weight, that is in the present ease, 
units of streptomycin per kilograms of 
body weight. However, in arranging the 
results for table 1, no consistent differences 
were noted between chickens of different 
weights. These observations were enlarged 


TABLE 3—Comparison of Serum Level Responses of Different Species Following Intra- 


Dosage 


Species (u./kg.) Author 


muscular Injections of Streptomycin 


Units streptomycin per cc. serum, after injection 
(hours) 


(hr.) 1 


Man 
Horse 
Sheep 
Dog 
Chicken 
Man 
Man 
Man 
Horse 
Cow 
Sheep 
Dog 
Chicken 


* Assuming 70 kg. of body weight per patient. 


3,000* 
4,000 
4,000 
4,000 
31,000 


8,000 
11,000 
8,000 
8,000 
62,000 


7,000* 
7,000* 
8,500* 


Kolmer 
Doll ? 

Doll * 
Stebbins * 
Table 1 
Kolmer 
Rake *° 
Zintel * 
Doll * 
Edwards * 
Doll * 
Molitor * 
Table 1 


2 3 4 6 
5-10 5-8 4-6 2-3 1-2 
8 6 4 = 
6 3.8 2.6 1.3 
5 4 4 
4 2 0.75 
12-15 15-20 10-15 10-12 6-8 

10 20 20 20 
17 18 18 16 9 
ove 20.5 20.5 19.2 
16 13 12 6.5 3.7 
16 10 4 
16 2 
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by administering 100,000 units per bird to 
chickens weighing less than 1.250 kg. (the 
lowest weight of our test birds). The re- 
sults obtained are summarized in table 2. 

According to this table, birds weighing 
less than 1 kg. have a tendency to have 
slightly higher blood levels than those 
weighing more than 1 kg. For instance, the 
median blood level one hour after injection 
is 32 units per cubie centimeter for the 
lower weight group and 16 units per cubic 
centimeter for the higher one (16 and 8 
u./ce., and 2 and 2 u./ee. after 3 and 6 
hours, respectively). However, in individ- 
ual birds this difference does not necessar- 
ily hold true. Among the chickens of table 
2 those weighing 0.35 kg. and 1.90 kg. gave 
identical serum level responses, as did 
those weighing 0.45 kg. and 1.80 kg. Con- 
sequently, within the approximate weight 
range of 14 to 2 kg., it is impossible to ex- 
press the dosage of streptomycin as units 
per body weight, and the preferable way 
must be as units per bird. 

These results did not come as a surprise 
to us, because an identical situation was 
met and reported with intramuscular in- 
jections of penicillin in chickens.** In the 
latter study, 75 birds ranging in weight 
from 45 to 2,000 Gm. were divided into 
five weight groups and part of every group 
was injected with one of three different 
doses (units per bird); that is, each dose 
was tested on 5 birds per weight group. 
Within the limits of 200 Gm. to 2 kg. 
‘‘chickens receiving the same dose of peni- 
cillin, expressed as units per bird, gave the 
same serum level response, although this 
dosage, if expressed as units per kilogram 
of body weight, might vary up to tenfold.’ 

The determinations which went into 
making up table 2 were made rather inci- 
dentally and over an extended period; 
therefore, the close range of corresponding 
values obtained tends to emphasize the re- 
liability of these results. 

Table 3 attempts to compare the serum 
ievel response of various species to the in- 
tramuscular injection of streptomycin. 
Such a comparison can not be accurate, be- 
cause there is no common basis for the dif- 
ferent studies here included in the single 
framework of one table, which is intended 
merely as a rough expression of tendencies. 
Nevertheless, it seems rather obvious that 
for equal doses (expressed as u./kg. of 
body weight) of intramuscular streptomy- 
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cin, the serum level responses of men, 
horses, cows, sheep, and dogs are relatively 
similar. On the other hand, chickens show 
themselves as very inefficient converters of 
intramuscular streptomycin into serum 
streptomycin, and they require approxi- 
mately an eightfold dosage (in u./kg.) in 
order to obtain serum concentrations of the 
same order as the above species. 


SUMMARY 


A simple dilution method for the deter- 
mination of streptomycin in the blood se- 
rum of chickens has been described. 

The serum level responses of adult Leg- 
horn hens to intramuscular injections of 
25,000 to 200,000 units of streptomycin per 
bird are presented. Serum concentrations 
in different chickens, which received the 
same dosage and for corresponding assay 
periods, were rather uniform. 

In contrast to penicillin, streptomycin is 
absorbed into the blood stream rather 
slowly, and its equally slow elimination en- 
ables a longer duration of the serum level 
period. 

Within the weight range of 1% kg. to 2 
kg., approximately the same serum level 
response is obtained from chickens receiv- 
ing the same intramuscular dosage of strep- 
tomycin, expressed as units per bird, al- 
though these doses might differ sixfold if 
expressed as units per kilogram of body 
weight. The latter (traditional) manner of 
expressing the dosage of streptomycin is, 
therefore, unsuitable for chickens. 

In comparison with other species, chick- 
ens require about an eightfold dosage (ex- 
pressed as u./kg. of body weight) in order 
to reach equivalent serum concentrations 
of streptomycin. 
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The Therapeutic Effect of Streptomycin on Infectious 
Coryza of Chickens Caused by Hemophilus Gallinarum 
Il. Isolation and Culture of Hemophilus Gallinarum, 
and Some of Its Biochemical Reactions 


S. BORNSTEIN, B.S., D.V.M., and Y. SAMBERG, Dr. Vet. Med. 
Tel Aviv, Israel 


IN THE previous paper,” it was stated that 
one of the purposes of this study was to in- 
vestigate the necessity for the very high 
doses of streptomycin which are in use at 
present in this country. This required (a) 
a determination of blood levels obtainable 
with streptomycin in chickens, and (b) a 
study of the sensitivity of the pathogen to 
this antibiotic. The blood levels of strepto- 
mycin have been presented ;* however, the 
second requirement is complicated by the 
fact that Hemophilus gallinarum is a bae- 
terium which is difficult to isolate in pure 
culture and not less diffivult to grow and 
maintain with regular laboratory methods, 
two prerequisites which must precede any 
attempt to study the sensitivity of this or- 
ganism to drugs. Therefore, the purpose of 
this paper is to describe simple mediums 
for the growth of H. gallinarum and also a 
convenient method for its isolation in pure 
culture from infected chickens, as well as 
to record some of the growth and biochem- 
ical characteristics of this pathogen. 


LITERATURE 


Primary isolation of the fowl coryza_ bacillus 
was first reported in Europe by DeBlieck,'’ and in 
the United States by Nelson.” DeBlieck*° ob 
tained the best growth of his organism, which he 
named Bacillus haemoglobinophilus coryza galli 
narum, on 25 per cent horse blood agar heate’ to 
70C. Nelson’ isolated «a hemophilie 
which he recovered from certain Berkefeld filtrates 
of nasal exudate inoculated in blood at the base 
of nutrient agar slants. The organisms grew in 
the blood at the bottom of the slant but failed to 
colonize on its exposed surface. They likewise 
failed to colonize on open blood agar plates, but 
colonization obtained by sealing the plates 
with clay. 

The next investigation on this subject was re 
ported by Delaplane and co-workers,’ who isolated 


baeil.us 


was 
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a hemophilie bacillus from a severe type of 
respiratory disease in Rhode Is!and in 1983. They 
considered as the best and convenient me- 
dium nutrient agar slants to which sterile chicken 
blood (in 2% sodium citrate solution) has been 
added. This organism blood 
plates (blood from chicken, ox, horse, or pheasant 
and bactohemoglobin plates, but net on blood-free 
serum 


very 


most 


also on agal 


grew 


mediums such as serum agar plates or in 
broth. 
of moisture as a highly contributing growth fac 
tor, and suggested that the organism be called by 


These workers also stressed the importance 


its present name H. gallinarum, This same name 
was proposed, independently and during the same 
vear, by Eliot and Lewis.” The latte: 
tors tried to isolate and grow their organism on 


investiga 


Noguchi Leptospira medium and then in chicken 
embryo cultures in either plasma or Locke- Lewis 
solution, but toward the end they used 5 per cent 
blood agar. They mentioned that a partial atmos 
phere of carbon dioxide produces a 
ulation of growth and a more regular morphology 


in young cultures; moreover, in this manner, opti 


marked stim 


mum growth was obtained within the first twenty 
four hours rather than at about forty-eight hours 
in normal atmosphere. During the same 
Schalm and Beach” reported the isolation of 2 
California. According to 
* 7° this bacillus 


however, ¢t 


yeal 


similar organism from 
this and their following studies, 
grew very well on boiled blood agar; 
did not grow aerobically but only in an atmosphere 
of 10 per cent CO, or in sealed plates. All cultures 
both the X and the V 
an artificial medium, 


required the presence of 
factors* for growth on 

While 
growth only in a medium consisting of small pieces 
reported 
that the best liquid medium was 10 per cent blood 


Delaplane et al.’ obtained some seanty 


of sterile raw potato in broth, Kessens 
broth containing a piece of raw potato. Delaplane 
and co-workers ”” continued their investigations of 
the growth requirements of H. gallinarum and dis 
that hemophilic 
well on a blood-free medium by 
growing yeast to furnish the growth 
factors. According to Gregory” ‘‘organisms failed 


covered bacteria can grow very 


utilizing live, 


necessary 


to colonize on blood agar unless incubated in an 


atmosphere of increased CO. tension, and even 


* The “X factor’ 
globin, and replaceable by hematin, while the “V 
is heat-labile, found in yeast 
as well as in whole blood 


is heat-stable, associated with hemo 
factor 


various vegetable extracts 
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then growth often fails.’’ Blood broth and liver 
filtrate gave good results. Hofstad * used chicken 
infusion agar into which was incorporated 10 per 
cent chicken serum before slanting the agar, aad 
the organisms colonized on the slants in a 10 per 
cent COs atmosphere. Cunningham and Stuart * re 
ported that ‘‘egg-yolk nutrient agar slants con 
taining 0.8% sodium chloride with physiological 
saline at the base of the slants provide a satisfac- 
tory, easily prepared, and blood-free medium.’’ 
The Russian worker” re-emphasized the impor 
tance of a moist environment in order to prevent 
the drying out of the medium, as originally re 
ported by Delaplane et al.° 

DeBlieck,’ Nelson,” Schalm and Beach,” and 
Eliot and Lewis” isolated the organism from the 
nasal exudate, a tedious and difficult accomplish 
ment. Delaplane et al.’ isolated their bacillus from 
the nasal swelling: chickens showing edematous 
facial swellings were killed, the skin over the 
swollen area seared, and the seared skin incised 
with a hot instrument. A bacteriological loop *vaa 
used to obtain some of the edematous fluid for in- 
oculation of the medium. According to these 
workers, it was essential to attempt the isolation 
within twenty-four hours after the swellings were 
noticed, since at the 48-hour period results were 
often negative. A similar procedure was used by 
Beach and Schalm’* for the weekly transfers of 
exudative material. 

In connection with the maintenance of H. galli- 
narum in culture, Delaplane et al.° reported that 
transfers of the culture (in blood at the base of 
nutrient agar slants) every four to five days kept 
the organisms pathogenic for at least 40 transfers. 
Schalm and Beach”™ reported that transfers at in- 
tervals of less than fourteen days are necessary 
for the maintenance of slant or plate cultures, and 
stock cultures can be maintained indefinitely by 
making transplants once a week. Kessens”™ has 
pointed out that H. gallinarum does not survive 
for more than two weeks in culture tubes, and that 
this limitation differentiates it from Hemophilus 
influenzae, which survives for four weeks. 


MATERIALS AND METHODS 


Solid Culture Medium.—After trying out blood 
agar slants composed of blood from various species 
and in amounts ranging from 5 to 25 per cent, we 
settled on slants containing 10 per cent sheep 
blood as most convenient for us, although not 
necessarily the best medium available for the cul 
ture of H. gallinarum. Undoubtedly, chicken blood 
is superior to sheep blood, especially for the pri 
and until the culture 
adapted to growth on artificial medium; however, 
in a partial atmosphere of carbon dioxide, the Jat 
ter yields satisfactory results. Chocolate-agar, sup 
posedly the medium of choice for the genus Hemo- 
phiius, is rather difficult to use, because the very 
tiny colonies are hardly visible against such a dark 
background. 

Liquid Culture Medium.—Although Delaplane 
et al. mentioned that they obtained no growth in 


mary isolacion has become 
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serum broth, in our experience plain nutrient broth 
to which has been added about 10 per cent chicken 
blood serum makes a simple but very satisfactory 
liquid medium. However, it is essential that this 
serum should be from the blood of chickens be 
cause serum obtained from rabbits or cattle was 
ineffective and did not support growth. Another 
satisfactory liquid medium nutrient 
broth containing 10 per cent citrated blood. The 
disadvantage of this blood-broth is the fact that it 
takes almost forty-eight hours for the blood to 
settle completely to the bottom of the tube, and 
until that time it is impossible to distinguish the 
turbidity caused by the growth of the organism 
from that caused by floating blood eells. 

Carbon Dioxide Atmosphere.—Of the various 
methods tried to stimulate the growth of H. galli- 
narum, we consider the partial atmosphere of CO: 
(approximately 10%) as the most important and 
successful one. However, in contrast to the reports 
of Nelson,’ Schalm and Beach,” or Gregory,” 
and in agreement with DeBlieck® and Delaplane 
et al.,° scanty growth and colonization were ob- 
tained on the surface of blood agar under 
aerobic conditions. This CO: atmosphere reduced 
the advantage of chicken blood agar over regular 
blood agar. It was produced by pouring sulfurie 
acid on sodium carbonate inside a wide-mouthed 
tube, which together with culture tubes and plates 
had been placed into an air-tight container. Be- 
sides the release of carbon dioxide, this chemical 
reaction also produced water, the evaporation of 
which during incubation may have contributed to 
the good results, since Delaplane and co-workers * 
and Svintsov™ stressed the importance of a moist 
environment as growth factor. 

Culture Technique and Transfers.—Due to the 
diminutive size of the colonies of H. gallinarum, 
which usually can be seen only with the aid of a 
magnifying glass, any unevenness on the surface of 
the slants or plates makes their recognition rather 
difficult. This is especially true for the traces left 
by a bacteriological loop. Therefore, as much as 
possible, the organisms were kept in broth and 
transferred by means of pipettes. Every transfer 
was checked for sterility by simultaneous inocula- 
tions of nutrient agar and blood agar slants. In 
the former case, a few drops of broth were allowed 
to roll slowly down over the surface of the slant, 
which then was incubated aerobically. In the Jat- 
ter case more drops were used, and then the slant 
was inclined until its surface became horizontal in 
order to let the inoculum penetrate; incubation in 
CO: atmosphere followed. Such inoculation of 
blood agar slants very fine confluent 
growth, so fine that individual colonies were not 
readily detected by the unaided eye. However, 
when growth was scant, the colonies were larger 
and more distinctly visible. When the need arose 
to transfer organisms from such blood agar slants, 
about 1 ce. of serum broth was added to the slant 
and after vigorous shaking was left to incubate 
for twenty-four hours; thereafter, transfers were 
made with a pipette as described previously. 
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Since cultures on solid or in liquid mediums 
rarely remained viable for more than two weeks, 
all strains were routinely transferred once a week. 
However, in some exceptional cases, the viability 
of cultures, which were well adapted to artificial 
medium, was not lost even after one month at 
4 to 6C., 

Cultivation in Developing Egg Embryos.—At 
the suggestion of Dr. A. Komarov an attempt was 
made to grow H. gallinarum in embryonating eggs. 
Inoculation into the yolk sae of 7-day-old embryos 
caused 100 per cent mortality within twenty-four 
to forty-eight hours, the great majority of em 
bryos dying within twenty-four hours, while inoc 
ulation into the allantoic sae of 10-day-old em 
bryos caused a slower and rather irregular mor 
tality. The dead embryos appeared very congested, 
and a heavy growth of the organism was obtained 
in both the yolk and the allantoic fluid. The or 
ganisms in these two fluids remained viable for six 
weeks in a household refrigerator, as compared to 
two weeks in the case of artificial medium. There 
can be no doubt that the developing chicken em 
bryo is superior to all other mediums described, 
with regard to convenience, density of growth, and 
length of viability. However, since the sensitivity 
tests to be deseribed in the next paper of this 
series had been started on artificial medium, and 
since they were performed during a season of rel 
ative searcity of fertile eggs, they were continued 
on the medium deseribed. Further work on the use 
of embryonating eggs for studies on H. gallinarum 
is in progress. In laboratories where chicken se 
rum is not readily available, plain nutrient broth 
containing 10 per cent allantoic fluid makes a sat 
isfactory liquid medium for H. gallinarum. 

Isolation of the Organisms from Infected Chick 
Isolations were attempted only from facial 
swellings and from nasal exudate. The 
edematous area is swabbed well with cotton mois 
tened with alcohol, the skin is pierced by a rotary 
movement with the pointed end of a Pasteur 
pipette, then the fluid content of the swelling is 
sucked into the pipette and discharged immediately 
onto a blood agar slant and into serum-broth. 
Often in the early stage of the edema the sur 
rounding are hyperemic, and a mixture 
of exudate and blood will be obtained. This has 
the disadvantage of requiring a speedy technique 
to prevent clotting of the blood in the thin end of 
the pipette but has the advantage of representing 
an excellent culture medium on which better and 
more easily visible colonization is obtained. 

Determination of Biochemical Reactions.—In or 
der to facilitate the growth of H. gallinarum in 
earbohydrate and other mediums, one or more 
drops of chicken serum were added in order to ob- 
tain a medium containing at least 5 per cent 
serum, and to this was added the inoculum consist 
ing of 2 drops of a 48-hour broth-culture (contain 
ing 10% serum). All tests were incubated in a 
partial atmosphere of CO, and were read after 
forty-eight and ninety-six hours. The tubes with 
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tissues 
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carbohydrate fermentation broth did not contain 
inverted vials, therefore the presence or absence of 
gas formation during fermentation could not be 
determined. In a number of these tubes enough 
acid formed due to the CO, in the atmosphere to 
induce a slight acid reaction of the indicator; how 
ever, this could be differentiated bacterial 
acid formation by additional ineubation 
aerobie conditions, whereupon the former dis 
appeared. 


from 
under 


RESULTS AND DISCUSSION 


lsolation of Hemophilus gallinarum from 
Chickens Suffering from Coryza.—It seems 
to the authors that their technique for the 
isolation of organisms responsible for in- 
fectious coryza in chickens is superior to 
the ones published up to now. It is simple, 
fast, can be used in the field, and does not 
necessitate the destruction of the chicken. 
The bird is not harmed, except for a tem- 
porary swelling at the site of the puncture 
and some watering of the eye due to the 
alcohol. At times it is necessary to stop 
the hemorrhage with cotton. Moreover, the 
above procedure can be used several times 
on the same chicken, in order to determine 
the action of therapeutic agents in vivo. 

The only prerequisite is to attempt the 
isolation only from facial swellings of one 
to three days’ duration, that is, from slight 
swellings devoid of tenseness. Delaplane 
et al.” also maintained that ‘‘the success of 
the isolation depends on the length of time 
the swellings have persisted.’’ However, 
they discussed the viability of the patho- 
genic organism, while we are eoncerned 
with the presence of contaminating see- 
ondary invaders. These authors report 
failure to isolate the pathogenic bacillus in 
» of the 6 fowls examined forty-eight hours 
after noticing the swellings about the face. 
However, in our experience, H. gallinarum 
can be isolated from swellings of much 
longer duration, but they may be heavily 
contaminated. Due to the relatively scanty 
growth of H. gallinarum in contrast to the 
abundance of the contaminants, separation 
of the two is difficult and usually an un- 
successful task. 

The following case may serve as an ex- 
ample of the efficiency of the procedure de- 
scribed above. In an in vivo experiment, 
the authors visited an infected flock of 4- 
month-old pullets and selected 6 having « 
facial edema in the suitable stage for iso- 
lation of H. gallinarum. These were trans- 
ferred to the feed room, where the ‘‘labora- 


j 


Am. J. VET. REs. 
OCTOBER 1954 


tory’’ consisted of a small bottle of alcohol, 
some cotton, a package of sterile Pasteur 
pipettes, a few blood agar slants, and a 
small aleohol burner (over the flame of 


TABLE 1— Geographical Distribution of the 


Flocks from Which the Various Strains of 
Hemophilus Gallinarum Were Isolated 


Air distance (miles) 
and direction 
from Tel Aviv 

NE* 
NE* 
sw** 


Date of 
isolation 
1/27/53 
3/ 4/53 
6/53 
6/53 


Strains 
II, II! 
46, 50, 65, 79 
101, 102 
123 9/53 2% SWw** 
528 3/53 SE 
793 8/21/53 s 
917 8/30/58 
1111 9/20/53 
1124 9/21/53 
1249 10/ 9/53 
1375 10/28/53 
1446} 11/15/53 
1473, 14741 11/19/53 
1487t 11/24/53 
12/10/53 


* Two farms on opposite ends of the same village. 

** Three accessory farms in the same neighborhood but 
divided by streets and without fences in common. 

+ This flock became infected about one week after the 
introduction into the farm of 3-month-old pullets bought 
three to four miles south of Tel Aviv 

t These strains were isolated at the Poultry Field Lab 
oratory, Haifa. 


which the slants were opened during inocu- 
lation). Within thirteen minutes, and with- 
out harm to the birds, samples from the fa- 
cial swellings had been collected. Of the 
six slants inoculated, five yielded pure cul- 
tures of H. gallinarum while one remained 
sterile. 

Table 1 presents a survey of the geo- 
graphical distribution of the various 
strains isolated and selected for further 
study. Rather than enumerate names of 
localities, an attempt is made to show this 
distribution on the basis of air-distances 
(as measured on a map) and directions 
from Tel Aviv, where this laboratory is 
located. 

Cultural Characteristics—During all of 
the attempts at culturing the edematous 
fluids of facial swellings of chickens suffer- 
ing from apparently typical cases of in- 
fectious coryza, the only organisms which 
were isolated (besides obvious contami- 
nants) were small gram-negative bacilli 
which did not grow on nutrient agar nor in 
plain broth, but which could be cultured 
relatively easily on or in medium with 
methods previously described. 
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Early in this bacteriological study, it be- 
came apparent that different strains had 
consistently different growth characteris- 
tics which were easily recognizable in 48- 
hour broth cultures. Strains C, Y, 46, 79, 
101, 102, 123, 1111, 1446, and 1487 pro- 
duced a light growth which caused only a 
slight clouding of the serum broth. Strains 
37, 917, 1249, 1375, and GI produced a 
rather turbid broth with a flocculent sedi- 
ment, while strains 528, 793, and 1473 were 
intermediate between the above two types, 
that is, they produced moderate clouding 
but no sediment. The significance of these 
growth characteristics is unknown, because 
they appear incidental and without associ- 
ation with etiologica’ considerations or bi- 
ochemical reactions. 

Biochemical Reactions.—The literature 
on H. gallinarum contains few references to 
the biochemical reactions of this organism. 
It seemed worthwhile, therefore, to test the 
local strains as to their reactions in this 
respect, and to find whether differences 
would appear among the various strains 
isolated. The reactions tested were: indol 
and H.S production, litmus and methylene 
blue milk reactions, gelatine liquefaction, 
and the fermentation of 20 carbohydrates. 

None of the 11 strains tested produced 
indol or H,S, neither did they act on lit- 
mus or methylene blue milks, nor did 
they liquefy gelatin. As far as the earbo- 
hydrates are concerned, all strains fer- 
mented glucose, but none fermented arabi- 
nose, rhamnose, xylose, lactose, trehalose, 
raffinose, inulin, duleitol, mannitol, sorbi- 
tol, glycerol, inositol, and salicin. Strains 
37, 917, and GI did not ferment any earbo- 
hydrate except glucose. The fermentation 
reactions of the other eight strains on six 
carbohydrates, in addition to glucose, were 
as follows: strain 46 fermented saccharose ; 
strains 1111 and 1249 fermented mal- 
tose; strains © and 1473 each fermented 
three additional carbohydrates, mannose 
(slightly ), dextrin, and saecharose or levu- 
lose; strains 102, 793, and 1375 fermented 
mannose (slightly), galactose, levulose, 
maltose, saccharose, and dextrin. 

To the best of our knowledge, the only 
confirmation available in the literature for 
the above results are the reports of Dela- 
plane ef al.° who mentioned that indol is 
not produced, and of Eliot and Lewis,’® 
who likewise stated that no indol is pro- 
dueed, but they found a definite acid for- 
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mation from dextrose. With regard to the 
biochemical reactions of other veterinary 
species of the genus Hemophilus, Watt *! 
isolated an organism which slightly fer- 
mented glucose but none of the other nine 
carbohydrates tested, nor did it change lit- 
mus milk. Jackson'* reported that his 
strains of H. bovis were negative to indol 
nor did they ferment carbohydrates, but 
gelatin was liquefied after six days at 22 C. 
and litmus milk turned alkaline after seven 
days. 

The significanee of the slight differences 
in the fermentation of six carbohydrates by 
eight of our strains is uncertain. Etiolog- 
ically, strains 37 and C were isolated from 
the same flock, and strains 46 and 102 from 
two neighboring flocks; therefore, the var- 
iation in their biochemical behavior is dif- 
ficult to understand, unless it be dismissed 
as accidental and unimportant. 

It has been mentioned in a previous par- 
agraph that the only organisms isolated 
were small gram-negative bacilli which did 
not grow on agar or in plain broth. Pure 
eultures of these organisms produced a 
slight but typical respiratory disease (with 
nasal discharge and facial swelling) in 
susceptible birds twenty-four to forty- 
eight hours after intranasal and intrasinal 
inoculations, and the same type of bacilli 
were re-isolated from these artificially in- 
fected birds, thus fulfilling Koch’s postu- 
lates. On the basis of these facts, it is con- 
cluded that infectious coryza found in the 
chickens of this country is associated with 
H. gallinarum. 


SUMMARY 


The literature on the isolation and cul- 
ture of Hemophilus gallinarum is reviewed, 
and simple solid and liquid artificial me- 
diums for the culture of this organism, as 
well as a convenient procedure for its iso- 
lation (even under field conditions), are 
presented. 

It is suggested that 7-day-old embryos, 
infected via their yolk saes, support very 
well the growth of H. gallinarum. 

This bacillus is rather inactive biochem- 
ically. It does not produce indol nor H,S, 
does not act on litmus or methylene blue 
milks, and does not liquefy gelatin. Out of 
20 ‘carbohydrates tested it ferments con- 
sistently only glucose, and some strains 
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also ferment one or more of the following 
six carbohydrates: mannose, galactose, lev- 
ulose, maltose, saeccharose, and dextrin. 

It is concluded that H/. gallinarum is in- 
volved in the etiology of avian infectious 
coryza in Israel. 
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Corynebacterium Pyogenes—A Cultural and Serological Study 


J. F. RYFF, D.V.M., and JO BROWNE, D.V.M. 


Laramie, Wyoming 


Corynebacterium pyogenes is a common 
pathogen which is found in pyogenic proc- 
esses in various species of animals. Among 
the specimens examined for diagnostic pur- 
poses in this laboratory, C. pyogenes was 
more frequently isolated than any other pa- 
thogenic organism although in many cases 
it could be considered a secondary invader. 

Corynebacterium pyogenes is generaily accepted 


* characterized the 


as a separate species. Bergey 
species as a gram-positive, pleomorphie rod which 
produces light growth on artificial mediums, pro 
duces slight liquefaction of serum mediums, eauses 
beta hemolysis and coagulation of milk. All eul 
tures are reported to ferment dextrose and usually 
lactose, maltose, and sucrose; variable reactions are 
observed with arabinose, dextrin, glycerol, manni 
tol, salicin, and xylose; in a few instances frue 
tose, galactose, and levulose have been fermented 
but not duleitol, inulin, raffinose, 
bose, or sorbitol.** Morse® considered C. py 
ogenes the most active in carbohydrate fermen 
tation and the only which beta 
hemolysis. Brooks and Hucker” suggested that the 
corynebacteria divided into three 
groups based on the fermentation reactions: an 
active group represented by Corynebacterium equi, 
an intermediate group represented by Corynebac 
terium flavidum, and an inactive group represented 
by €. pyogenes. 

A toxin has been deseribed but the use of toxoid 
has not protected cattle against summer mastitis 
due to C. pyogenes." Brown and Oreutt,’ using 
the precipitation test, found no difference between 
twelve strains. Minett,® Jowett,® and Merchant’ re 
ported serological studies of various strains of C. 
which suggested antigenic similarity. 
Lovell * concluded from a study of five strains that 
there is a major and a minor antigen which can be 
demonstrated serologically. 


rhamnose, sor 
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MATERIALS AND METHODS 


Fifty-seven cultures of C. 
ployed. As soon as they were adapted to artificial 
medium by continued subculturing, they were main- 
tained by monthly or bimonthly transfers and were 
refrigerated in the interim. For fermentation 
studies, Difco’s phenol red broth base, with 0.5 
per cent of the desired agent, was inoculated and 
observed for three weeks at 37 C. 
test, it found 
peroxide on a 24-hour agar slant.” 


pyogenes were em 


For the catalase 


was necessary to place hydrogen 


Even then, gas 
From the Wyoming State Veterinary 
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Washington State 


bubbles were apparent only after twenty to thirty 
minutes with strains. For pro- 
cedures, cultures grown in broth 
containing 1.0 per cent tryptose and 1.0 per eeut 
dextrose and, after centrifugation, the packed 
cells were washed twice with 0.85 per cent saline. 
In investigations of the makeup, the 
one 


serological 
nutrient 


some 
were 


somatic 


washed cells were resuspended in saline to 


tenth of the original broth volume and heated in 
This 


2- to 3-cee. amounts 


flowing steam for one hour. was injected 
intravenously into rabbits in 
at three-day intervals approximately twelve times. 
The rabbits were then bled ten days after the: Jast 
While these rabbit were not 


injection. serums 


TABLE 1—Sources and Association of 57 
Strains of Corynebacterium Pyogenes in Eight 
Species 


Number of strains 


Organisms or conditions 


Antelope fawn 


Deer 


associated with 


Pasteurella 

Paracolon organisms and 
beta streptococci 

Salmonella and 
beta streptococci 

Clostridium chauvoei 
(feseri) 

Clostridium septicum 

Actinomyces bovis 

Spherophorus 
necrophorus 

Bacteremia* 

From brain 

From lungs 

Respiratory infection 
only bacterial pathogen 

Respiratory infection 
with beta streptococci 

Facial cellulitis 

Nephritis from 
sulfonamide therapy 

Hyperkeratosis 

Liver abscess 

“Brisket disease 
syndrome” 

Pulmonary emphysema 

Sinusitis 

Conjunctivitis 

Arthritis 

Encephalitis 

Thallium poisoning 
Hepatitis 

Newcastle disease and 
pullorum disease 

Rickets 

* Recovery from tissues submitted. This may not 


resent true bacteremia. 
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checked individually for the absence of antibodies 
against C. pyogenes prior to immunization, two 
sets of three rabbit serums were each pooled and 
tested against the ten selected bacterial strains 


TABLE 2—Results Obtained in the Fermenta- 
tion Tests of 57 Strains of Corynebacterium 
Pyogenes 


No. 
strains 
not 
tested 


No. of strains producing acid 
No. of No. of 
strains strains 


at 
(days) 


at 
(days) 


Carbohy- 
drate 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 
to 21 


Aesculin 
Arabinose 
Dextrin 
Dextrose 
Dulcitol 
Galactose 
Glycerol 
Inositol 
Inulin 
Lactose 
Levulose 
Maltose 
Mannitol 
Raffinose 
Rhamnose 
Salicin 
d-Sorbitol 
Starch 
Sucrose 
Trehalose 
d-Xylose 
1-Xylose 


without agglutination at 1:25 or above. The same 
general procedure was employed in investigating 
the capsular antigen, except that the supernatant 
from the original eighteen-hour broth culture, 
treated with sufficient formalin to make 0.5 per 
eent and held at 37 C. for forty-eight hours, was 
used as the inoculum. 

For the agglutination test, the antigen was the 
same broth-grown, washed cells, untreated with dis 
infectants, and freshly harvested. All suspensions 
were adjusted to the same standard turbidity (50 
60 % transmission against distilled water blank, 
red filter 650, Lumetron photoelectric colorimeter ). 
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Doubling dilutions of serum were made from 1:50) 
and agglutination read after incubation at 37 C. 
for twenty-four hours. In agglutinin absorption, a 
1:10 dilution of serum in saline was held in eon 
tact overnight at 37C. with an equal volume of 
heavy bacterial suspension. After centrifugation, 
the supernatant was utilized in appropriate dilu 
tions for agglutination tests. 

Use of formolized bacterial suspensions in 
amounts required a greater number of injections 
into rabbits and even then high titers were not 
consistently secured. The agglutination test with 
these serums was first set up after the antiserums 
were absorbed with a suspension of the homologous 
culture that had been heated in flowing steam. The 
results were so similar to that obtained by em 
ployirg the fresh, washed cells without absorption 
that this step was abandoned. Antiserums against 
formolized cultures produced an agglutination test 
in which the end point was difficult to determine. 
The titer was interpreted as the last tube with pro 
nounced agglutination, and this may explain the 
low titers reported. 

The cultures used to inoculate rabbits and for 
subsequent agglutination studies appeared to be 
smooth forms. 


RESULTS 

As many of the strains of (. pyogenes 
used in this study were recovered from cr- 
gans or tissues in which a pathological diag- 
nosis could not be made, a classification of 
their connection with disease processes is 
not entirely satisfactory, but the sources of 
the fifty-seven strains are listed in table 1. 

Following primary isolation of the cul- 
tures, it was not unusual to find small cocci, 
sometimes in short chains. Later they ap- 
peared uniformly as short, plump rods with 
occasional spherical forms. Subculturing 
on blood agar or Léffler’s medium did not 
bring about a return to the original mor- 
phology. All were hemolytie on sheep blood 


TABLE 3—Agglutination of Corynebacterium Pyogenes with Antiserums Prepared 
Against Heated Cultures 


Strain ( 

Antiserum 
against 
heated 
culture 
(No.) 
1945-9 
4629-3 
5060-1 
5521-5 
7127-1 
7302-1 
7451-4 
13178—4 
13212-1 
14954—5 


5060-1 


1945-9 


3200 1600 


50 100 


O—no agglutination at 1:50; italics—homologous titer; 


No. 


600 
400 

50 
100 
200 


Source of 
culture 


1600 
400 
200 
200 
800 
400 

1600 

0 
50 
100 


50 

100 
( 

100 
100 

50 
100 
100 
400 
800 


Ovine conjunctivitis 
Antelope hepatitis 
Ovine pneumonia 
Bovine emphysema 
Swine bacteremia 

Calf pneumonia 

Calf pneumonia 

Calf pneumonia 

Calf pneumonia 

Calf with pasteurellosis 


400 
200 
0 


others have end point of agglutination expressed as 


reciprocal of highest dilution showing pronounced agglutination. 


| 
l 
1 
! 
0 0 
50 0 
200 0 
0 200 
0 0 
400 0 50 
800 0 200 
0 0 
50 400 
50 100 
s 
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TABLE 4—Agglutination Titer Against Homologous Strain After Absorption with 
Various Strains 


Anti Strain used for absorption 
serum 1945-9 4629-3 5060-1 5521-5 7127-1 7302-1 7451-4 13178-4 13212-1 14954-5 


1945-9 0 0 2 50 200 200 200 200 
4629-3 100 0 5 100 100 100 100 400 
5060-1 0 0 50 0 I 100 0 
5521-5 0 50 ; 100 200 100 200 
7127-1 200 0 § 0 50 100 200 
7302-1 50 200 5 0 50 2 100 200 
7451-4 100 50 0 0 100 
13178—4 100 100 100 100 100 
13212-1 0 50 50 0 50 
14954-5 200 50 x xX x 0 


0—no agglutination at 1:50; X—not tested; homologous titers given in table 3 


agar when isolated. Usually the initial The results obtained in the fermentation 
light growth became heavier with transfer- tests are summarized in table 2. 
ring and, when returned to blood agar after Ten strains randomly selected, except to 
an interval of up to four years, their hemo- include isolates from different species of 
lytic properties were decreased or lost. A animals, were used in the investigation of 
few cultures that failed to make this adjust- somatic structure. The titers of the anti- 
ment to stock culture medium were carried serums against their homologous culture 
on blood agar and remained hemolytic. and the other nine strains are given in 
After being carried in this fashion, one of table 3. 
the 57 strains liquefied Léffler’s medium, al- Examination of the cross reactions indi- 
though during this adaptive process three cates a close relationship in somatic anti- 
others were still capable of liquefaction. genic structure among these ten strains ex- 
With litmus milk, three strains had no cept for the weak relationship shown for 
effect; two produced acid; 51 formed a_ cultures 13178—4 and 13212-1. 
soft or acid curd; and one produced early To further demonstrate the relationship 
peptonization. Thirty strains produced re- existing between these strains of C. pyog- 
duction of litmus; eight caused a marked enes, agglutinin absorption was utilized. 
separation of whey; and 11 progressed to For this, the same antiserums as described 
peptonization. Thirty one of the 57 strains in table 3 were employed. Referring to line 
liquefied gelatin. Forty seven strains pro- 1 of table 4, when antiserum against 1945-9 
duced detectable hydrogen sulfide on Difeo was absorbed with strain 1945-9 and tested 
lead acetate agar. With Difco nitrate agar, with strain 1945-9, agglutination could not 
nine strains at some time or other reduced be detected at 1:50 dilution. In the same 
nitrate to nitrite, although eight of these way, strains 4629-3, 5521-5, and 7127-1 
also had several negative tests. In 1 per were able to absorb all of the agglutinins 
cent tryptone broth, none of the strains from antiserum 1945-9 so that it was no 
produced indol. Two strains alone hydro- longer capable of agglutinating strain 
lyzed sodium hippurate. All strains pro- 1945-9. Agglutinin absorption verifies the 
duced catalase. close relationship between 1945-9 and 


TABLE 5—Heterologous Agglutination Following Absorption 


14954—5 antiserum 5060-1 antiserum 7302-1 antiserum 
absorbed with 1 #45—9 absorbed with 13178—4 absorbed with 5521—5 


Antigen 1/50 1/100 1/206 1/400 1/50 1/100 1/200 1/400 1/50 1/100 1/200 1/400 


5521-5 

7127-1 

7302-1 

7451-4 

13178—4 


+—definite agglutination: I—-incomplete agglutination. 


J. F. Ryrr anp J. BROWNE 


Am. J. VET. RES. 
OCTOBER 1954 


TABLE 6—Agglutination of Corynebacterium Pyogenes with Antiserums Prepared 


Antiserum 
against 
formolized 
cultures 
(No.) 


060-1 


1945-9 S00 
4029-1 200 
4629-3 x 100 1 


50 
50 


OU 


5060-1 xX 1600 400 


1 1 X 100 1 


451-4 xX 400 1 


5 
7 
7 
7 
3 
3 


1 
132 


X—not tested; 0—no agglutination at 1:50; 
highest dilution showing pronounced agglutination. 


4629-3 and 7302-1 but indicates their so- 
matic makeup is not identical. Strains 
1945-9 and 5521-5, 4629-3 and 7127-1, and 
7127-1 and 7302-1 were capable of com- 
plete cross absorption, yet some difference 
apparently exists because 4629-3 and 7302- 
1 can not be so directly compared. Simple 
cross agglutination (table 3) also suggests 
that these pairs are not antigenically iden- 
tical. The marked reduction in titers seen 
with agglutinin absorption, like the cross- 
agglutination procedure, would indicate 
possession of a fairly close relationship be- 
tween strains. 

To carry this absorption further, a few 
trials were made to determine the hetero- 
logous titers following heterologous absorp- 
tion, and these results are given in table 5. 
These would suggest a common factor to 
several of these strains but also indicates 
that many strains are possessed of minor 
differences. 

When 14954—-5 antiserum with a homo- 
logous titer of 1:800 was brought into con- 
tact with 42 strains exclusive of those in 
table 3, 4 agglutinated to 1:800; 4, 1:400; 
6, 1:200; 12, 1:100; 10, 1:50, and 6 showed 
no agglutination at 1:50. Thirteen of such 
strains set up against 7127-1 antiserum 
with a homologous titer of 1:800 resulted 
in agglutination to 1:200 with 2, 1:100 
with 5, 1:50 with 5, and no agglutination 
with 1 at 1:50. Used with 30 strains, 
antiserum 7451-4, homologous titer 1 :1600, 
produced agglutination to 1:400 with 3, 
1:200 with 6, 1:100 with 8, 1:50 with 8, 
and no agglutination at 1:50 with 5. With 
4 strains, antiserum 13212-1, homologous 
titer 1:400, affected agglutination to 1:400 
with 1, 1:50 with 1, and no agglutination 


302-1 100 200 


521-5 X 100 200 
7 


Oo 


178—4 xX 200 200 
1 


2-1 50 xX 0 50 200 


Against Formolized Cultures 


Strain 

x 

200 600 200 50) 
200 200 200 200 200 
200 400 100 200 200 
400 400 400 200 200 
200 100 100 200 100 
200 100 100 100 100 
200 400 200 100 100 
100 400 S00 50 50 
200 200 50 400 200 
200 100 100 100 400 


end point of agglutination expressed as reciprocal of 
Italics—homologous titer. 


at 1:50 with 2. This would again indicate 
possession of somatic antigenic properties 
common to many strains. 

These previous results were all based on 
antiserums prepared against the somatic 
fraction. In addition, antiseruams were pre- 
pared against formolized antigens which 
would emphasize the capsular antigenic fac- 
tor. In table 6 an even closer relationship 
between the different strains is shown when 
an antiserum is tested with heterologous 
strains. As preliminary work suggested 
immunity to live cultures was dependent 
upon the somatic antigen, the procedures 
with the antiserums against the capsular 
fraction were not carried beyond the cross- 
agglutination stage. 


SUMMARY 


After adaptation to unenriched mediums, 
Corynebacterium pyogenes cultures may be 
expected to retain their typical effect on 
litmus milk but lose their ability to liquefy 
Loffler’s medium and, to some extent, their 
hemolytie properties and ability to liquefy 
gelatin. Such adaptation enhances their 
carbohydrate fermentation properties and 
of 57 strains, 50 or more produced acid 
from aeseulin, dextrin, dextrose, galactose, 
lactose, levulose, maltose, salicin, starch, su- 
crose, and trehalose; at least half fer- 
mented arabinose, glycerol, mannitol, raffi- 
nose, sorbitol, and xylose. Dulecitol alone 
was not broken down by any of the strains. 
Cross agglutination and agglutinin absorp- 
tion carried out with antiserums prepared 
against the somatic component of ten 
strains indicated a consistent relationship 
within the species. Such antiserums em- 
ployed against other of the 57 strains also 
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indicated a relationship. Cross agglutina- 
tion employing ten antiserums prepared 
against the capsular fraction indicated an 
even closer relationship between strains. 
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Summary of Toxicological Information on 2,4-D and 2,4,5-T 
Type Herbicides and an Evaluation of the Hazards to 
Livestock Associated with Their Use 
V. K. ROWE, M.S., and T. A. HYMAS, D.V.M. 

Midland, Michigan 


THE USE OF herbicides for the control of 
undesirable vegetation has been practiced 
for many years. Some of the older mate- 
rials commonly used are chlorates, arseni- 
cals, compounds of boron, certain oils, and 
even table salt. While many of these mate- 
rials are still being used for this purpose. 
research over the past decade has revealed 
a family of new herbicidal materials. They 
are the chlorinated phenoxvacetie acids and 
closely associated compounds of which 
2,4-D (2,4-dichlorophenoxyacetic acid) and 
2,.4,5-T (2,4,5-trichlorophenoxyacetie acid ) 
are prototypes. 

Early in the development of these new 
herbicides, studies were undertaken by The 
Dow Chemical Company to determine their 
toxicity to warm-blooded animals. It is the 
purpose of this paper to make the acquired 
toxicological information available to 
others. 


LITERATURE REVIEW 


Bucher’ in 1946 was among the first to report 
the results of experiments with small animals using 
2,4-D. Temporary myotonia lasting from eight to 
twenty-four hours or more following a single in 
jection of 150 to 250 mg./kg. was observed in 
mice, rats, rabbits, and dogs. Repeated injections 
of smaller amounts, 50 to 100 mg./kg./day to mice 
for ninety days, failed to elicit either a character 
istic ehronie syndrome or « striking histological 
picture. Mice undergoing this treatment became 
pregnant and bore apparently normal litters. Re 
peated injections of 2,4-D did not alter the rate of 
growth of two transplantable mouse sarcomas. 

In 1947, Hill and Carlisle * published the results 
of toxicological studies involving various prepara 
tions of 2,4-D. In acute oral studies, they found 
the l.d.so for mice to be 375 mg./kg.; for rats, 666 
mg./kg.; for rabbits, 800 mg./kg.; and for guinea 
pigs, 1,000 mg./kg. The largest dose administered 
to monkeys without serious after-effects was 214 
mg./kg.; 428 mg./kg. caused nausea, vomiting, 
lethargy, muscle incoordination, and head drop. 
These workers observed that all species reacted 
similarly and that there was no significant differ 
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ence in potency between erude and purified prepa 
rations, or between the sodium or ammonium salts. 
Deaths from large doses were believed due to ven 
tricular fibrillation; if death was delayed, myoto 
nia, stiffness of extremities, ataxia, paralysis, and 
coma were observed. 

In subacute studies, the same investigators ob 
served intoxication in dogs after six daily intra 
venous injections of 25 Gm./kg.; rats were fed a 
diet containing 1,000 parts per million (p.p.m.) of 
2.4-D for a month without harmful effects; guinea 
pigs tolerated ten doses of 100 mg./kg. over a 
twelve-day period; and the inhalation of the so 
dium salt as a dust failed to cause systemic effects 
in guinea pigs. The main evidences of chronic¢ in 
toxieation rats were visceral conges 
tion and edematous kidneys with degenerative 
changes in the tubules; only dogs exhibited hepatic 
damage with central degeneration and congestion. 

In 1948, Bjorn and Northen* reported the re 
sults of studies conducted on chicks with an alka 
nolamine salt of 2,4-D. The acute oral lethal range 
was found to be 380 to 765 mg./kg. Whea given 
repeatedly (12 doses in 28 days), 28 mg./kg./dose 
was without effect, while 280 mg./kg./dose caused 
depression of growth. These authors express no 
eoneern about the likelihood of toxie effects in 
chickens under ordinary conditions of use and 
point out that at a spraying rate of 1 lb. of 2,4-D 
per acre (a normal rate of application) a chicken 
weighing 1 kg. would have to consume all the 
2,4-D applied on 72 sq. ft. within a day or two to 
obtain a lethal dose. 

In 1953, Drill and Hiratzka ‘ reported the results 
of acute and chronic oral toxicity studies on 2,4-D 
and 2,4,5-T with dogs. These men found that the 
acute oral l.d.so values were about 100 mg./kg. for 
each of the materials. At this dosage level, 2,4-D 
produced definite myotonia accompanied by anor 
exia and weight loss while 2,4,5-T produced only 
signs of mild spasticity. Both 2,4-D and 2,4,5-T 
were fed five times a week for ninety days at 
dosage levels of 2, 5, and 10 mg./kg. without ad 
effects. At -a dosage level of 20 mg./kg., 
both materials caused serious effects; 3 of 4 dogs 
on the 2,4-D died while all of the 4 dogs on 2,4,5-T 
died. The animals receiving the 2,4-D exhibited 
stiffness of the hind legs, difficulty in swallowing, 
bleeding of the gums, necrotic changes in the 
buecal mucosa, and mild liver and kidney changes. 
A significant decrease in the number of blood 
lymphoeytes was observed terminally in 3 of the 4 
animals, The toxie symptoms noted in the animals 
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receiving 2,4,5-T were slight muscle spasm, and 
difficulty in swallowing. Histological studies re 
vealed mild changes in the liver and kidneys. 

The first experimental toxicological work con 
dueted on farm animals was that of Mitchell and 


TABLE 1—Materials Studied* 
Common name 
2,4-D 


2,4,5-T 
MCP 


Chemical name 
2,4-Dichlorophenoxyacetic acid 
2,4,5-Trichlorophenoxyacetic acid 
2-Methyl-4-chlorophenoxyacetic acid 

or 
4-Chloro-o-toloxyacetic acid 
2-(2,4,5-Trichlorophenoxy ) -propionic acid 


silvex 


* These are basic chemicals used in herbicidal formu 
lations. 


co-workers.” These investigators pastured sheep 
and eows on foliage sprayed with more than recom 
mended amounts of 2,4-D without effect. They 
also fed a lactating cow 5.5 Gm. of 2,4-D daily for 
106 days without ill effects. Milk from the cow 
did not contain a demonstrable quantity of 2,4-D. 
No effects were observed in the ealf to which this 
milk was fed, nor was there any 2,4-D found in 
the serum of the calf. The serum of the cow, 
however, contained 8.4 p.p.m. of 2,4-D though none 
was found in the liver, kidney, or fatty tissues. 
Early in 1950, Grigsby and Farwell® published 
the results of experiments with 2,4-D and 2,4,5-T 
involving domestic livestock. In this study, alfalfa 
was sprayed with various herbicidal formulations 
including three different 2,4-D preparations and 
one 2,4,5-T preparation. Livestock including horses, 
dairy and beef cattle, sheep, swine, and chickens 
were immediately pastured in the freshly treated 
areas. In summary of this work, the authors 
stated, ‘‘ Results of this experiment indicate that 
none of the herbicides used had any serious physio 
logical effect upon the ‘ivestock involved. They 
also indicate that none of the livestock preferred 
any of the sprayed areas to those that were un 
sprayed; however, with the lots sprayed with 
2,4-D herbicides, the livestock grazed the areas 
sprayed almost as well as the unsprayed. Since 
the rates used were two to four times greater than 
recommended dosage, it seems that the farm use of 
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these materials for pasture weed control is a rea 
sonably safe procedure.’’ 


MATERIALS STUDIED 


Commercial herbicides generally can be described 
as formulations of active ingredients. The active 
ingredient usually appears as a salt which is solu 
ble in water or as an ester which is soluble in oil. 
Formulations may be designed for use as water 
solutions, water emulsions, oil solutions, oil emul 
sions with water, or dusts, depending upon the use 
for which they are intended. Basically, most for 
mulations contain, besides the active ingredients, 
a dispersant, a solvent, a wetting agent, and per 
haps a diluent. These are usually considered to be 
inert ingredients although they may have a pro 
found influence upon herbicidal effectiveness. 

In the studies reported herein, toxicological data 
are reported not only for the basie active ingre 
dients and their chemical derivatives (table 1) but 
also for the finished formulations 
marketed * (table 2). 


as they are 


ORAL ADMINISTRATION OF SINGLE DOSES 


Procedure.—The toxicity of the various herbi 
cidal materials and formulations when adminis 
tered in single oral doses to various species of 
animals has been determined. All rats, guinea 
pigs, and rabbits used were young adult animals 
from the stock colonies of this laboratory. The 
mice were young adults obtained from Carworth 
Farms. The chicks used were New Hampshire 
Reds obtained from a commercial hatchery when 
about 3 days of age and were about 3 weeks of 
age when treated. 

The test materials were administered by intuba 
tion unléss otherwise indicated. Aqueous solutions 
were used wherever possible. Olive oil or corn oil 
solutions were used where water was not appro 
priate. Surviving animals were observed until re 
covery was certain, usually about two weeks. 

Results.—The results of the acute oral 
studies are summarized in tables 3 and 4. 


* The trade-named drugs listed in table 2 and in the 
text are products of The Dow Chemical Co., Midland, 
Mich 


TABLE 2—Herbicidal Formulations Studied 


Trade name 


2,4-Dow weed killer (formula 40) 
Esteron 44 

Esteron 245 (old formulation ) 
Esteron 245 (present formulation ) 
Esteron ten-ten 


Esteron 76 (used in oil solution only) 
Esteron 76E (used in either oil solution or 


water emulsion ) 36.8 Isopropyl esters of 2,4-D; 
Esteron brush killer (old formulation) 25.6 Lsopropyl esters of 2,4-D; 
34.8 Mono-, di-, tripropylene glycol butyl ether esters of 2,4-D 
33.0 Mono., di-, tripropylene glycol butyl ether esters of 2,4,5-T 
64.5 Mono., di-, tripropylene glycol butyl ether esters of silvex 
69.1 Alkanolamine salts of MCP 


Esteron brush killer (present formulation ) 


Kuron (was called H-1078 ) 
Dow MCP amine weed killer 


Active ingredients (% ) 


65.0 Alkanolamine salts of 2,4-D 
44.0 Isopropyl ester of 2,4-D 
33.3 Isopropyl ester of 2,4,5-T’; 
65.3 Mono-, di-, tripropylene glycol butyl ether esters of 2,4,5-T 
70.5 Mono-, di-, tripropylene glycol butyl ether esters of 2,4-D 
Brush killer 50-50 27.2 Butyl esters of 2,4-D; 
Brush killer T 52.2 Butyl esters of 2,4,5-T 
37.1 Isopropyl esters of 2,4-D; 


12.1 Mixed amy] esters of 2,4,5-T 


26.5 Butyl esters of 2,4,5-T 
39.0 n-Butyl esters of 2,4-D 


38.8 Butyl esters of 2,4-D 
24.4 Isopropyl esters of 2,4,5-T 
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In all cases where the data were suffi- 
ciently extensive to allow statistical analy- 
sis, the l.d.., values with their 19/20 confi- 
dence limits were determined by the 
method of Litchfield and Wileoxon.’? In 


all other cases, the l.d.,, values were esti- 
mated and the range between the dose al- 
lowing survival of all animals treated and 
the dose causing all animals to die is given. 
For comparative purposes, some of the val- 


TABLE 3—Summary of Acute Oral Toxicity of Various Basic Herbicidal Materials 


Material 


2,4-D (2,4-Dichlorophenoxyacetic acid) 


, alkanolamine salts 


, sodium salt 


isopropyl ester 


mixed butyl esters 


2,4-D, mono-, di-, 
ether esters 
2,4,5-T (2,4,5-Trichlorophenoxyacetic acid ) 


tripropylene glycol butyl 


, isopropyl ester 


, mixed butyl! esters 


2,4,5-T, mixed amy] esters 


MCP (4-chloro-o-toloxyacetic acid or 2-Methyl 
4-chlorophenoxyacetic acid) 
MCP, amine salt 


silvex, (2[2,4,5-trichlorephenoxy | propionic 
acid ) 
silvex, mixed butyl esters 


silvex, mono-, di 
ether esters 


, tripropylene glycol butyl 


Species sex 


Rats M 
Mice M 
and F 
and F 


Guinea pigs 
Chicks 


Dogs (4) 


Chicks (3) 


Rats 

Rats (2) 

Guinea pigs 

Guinea pigs 

Mice (2) 

Kabbits (2) 

Rats 

Guinea pigs 

Mice . 
Chicks and F 
Rats F 
Guinea pigs F 
Rabbits F 


Mice F 
Chicks M and F 
Rats F 


Rats M 
Mice M 
Guinea pigs and F 
Chicks and F 
Dogs (4) 

Rats and F 
Guinea pigs F 
Mice F 
Rat 


Rabbit M 
Mice F 


Guinea pigs F 
Rats F 
Rat M 
Rat 


Guinea pigs M 
Rat and F 


Rat F 
Rabbits F 
Chicks and F 
Rat F 
Guinea pigs M 
Mice F 


Chicks MandF 
Rabbits F 


Vehicle 


Olive oil 
Olive oil 
Olive oil 
Olive oil 


Capsule 


Water 
(dosage on 
acid equiv 
alent basis) 
Water 
Water 
Water 
Water 
Water 
Water 


Olive oil 


ROS 
666 
551 
000 


ROO 


Olive oil 
Olive oil 
Olive oil 
Corn oil 
Corn oil 
Corn oil 


Corn oil 
Undiluted 
Corn oil 


O00 


Olive oil 
Olive oil 
Olive oil 
Olive oil 
Capsule 
Olive oil 
Olive oil 
Olive oil 


‘orn oil 


‘orn oil 
orn oil 


‘orn oil 
Olive oil 
Corn oil 
Water 


Water 
Corn oil 


Corn oil 
Undiluted 
Corn oil 
Corn oil 
Corn oil 
Corn oil 


Corn oil 
Undiiuted 


(my 


{ 
(307 


(211-456) 


i.d.so 


20 confidence 


limits ) 

kg.) 
(302-465) 
(312-434) 


(397-553) 


(358-817) 


Range 
(25-250) 
Range 


610-1,063) 


(417-727) 


569-861) 
451-671) 


(398-736) 
(1,127 
(320-954) 


1,789) 


(604-1,190) 
252-712) 
Range 
500-1,000) 
1,350-2,960) 
510-640) 


391-640) 
245-619) 


472) 


Range 
50-250) 
420-584) 
362-557) 
380-799) 
313-739) 
Range 
500-1,000) 
674-1,312) 
Range 
500-1,000) 
Range 
500-1,000) 
Range 
500-1,000) 
Range 
1,000-2,000) 
Range 
630-2,000) 


(560-760) 


Range 
250-1,000) 

Range 
500-1,000) 
707-2,000) 
475-814) 

Range 
500-2,000) 


Range 


(1,000-2,000) 
(847-1,670) 
(610-1,070) 


a 
75 4 
169 
(41 
24 
1 
700 
541 
1,420 
2.4), 620 
R428 
424 
713 | 
500 
100 ¢ 
2,4,5-T 195 ( 
449 ( 
551 ( 
( 940 { q 
750 
750 ( 
700 
1.200 
650 
| 
600 
750 
1.190 
1.250 
1,410 
R19 
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ues given in the literature are included in 
table 3. 

Toxic symptoms generally observed in 
animals made ill with this type of com- 
pound include loss of appetite, loss of 
weight, depression, roughness of coat, gen- 
eral tenseness, and muscular weakness par- 
ticularly of the posterior quarters. Post- 
mortem findings usually include irritation 
of the stomach of small animals and of the 
abomasum of ruminants, minor evidence of 
liver and kidney injury, and in some in- 
stances congestion of the lungs. 


ORAL ADMINISTRATION OF REPEATED DOSES OF 
2,4-D To RATS AND CHICKS 

Experiment 1, Rats. Procedure. Matched 
groups of 5 or 6 young adult female rats from the 
stock colony of this laboratory were fed 2,4-D 
five times a week for four weeks by intubation. 
The dosages employed were 0.0 (controls), 3.0, 
10.0, 30.0, 100.0, and 300.0 mg./kg. administered 
as aliquots of olive oil soiutions emulsified in about 
2 ml. of 5 to 10 per cent aqueous gum arabie solu 
tion. The controls received appropriate doses of 
olive oil. 

Results——-The control animals and those 
animals receiving 3.0, 10.0, and 30.0 mg. 
kg. of 2,4-D showed no adverse effects as 
judged by gross appearance and behavior, 
mortality, growth, hematological values, 
blood urea-nitrogen concentrations, organ 
weights, and gross and microscopic exami- 
nation of the tissues. 

Rats receiving 100.0 mg./kg. showed 
varying degrees of gastrointestinal irrita- 
tion, slight cloudy swelling in the liver, and 
a depressed growth rate. Those receiving 
300.0 mg./kg. failed rapidly and died. Se- 
vere gastrointestinal irritation was the 
principal adverse effect observed. 

Experiment 2, Rats. Procedure. — Matched 
groups of 5 young adult female rats from the stock 
colonies of this laboratory were placed on diets 
containing 0 (control), 100, 300, 1,000, 3,000, and 
10,000 p.p.m. (parts per million by weight) of 
2,4-D. 

Results.—The controls and those animals 
receiving the diets containing 100 and 300 
p.p.m. of 2,4-D for 113 days showed no ad- 
verse effects as judged by food consump- 
tion, growth, general appearance, mortal- 
ity, blood urea-nitrogen concentrations, he- 
matological examinations, organ weights, 
and gross and microscopic examination of 
the tissues. 

Those on the diet containing 1,000 p.p.m. 
for 113 days suffered slight adverse effects 
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characterized by depressed growth rate, 
excessive mortality, slightly increased liver 
weights, and slight cloudy swelling of the 
liver. 

Those on the two higher diets were de- 
stroyed after twelve days as they were not 
eating and were rapidly losing weight. Ex- 
amination revealed inereased liver and 
kidney weights and _ slight 
changes in these organs. 

Experiment 3, Chicks.—Procedure.—Twelve New 
Hampshire Red chicks weighing from 210 to 340 
Gm. each were divided into four groups of 3 
chicks each and maintained for days on 
diets containing 0 (controls), 500, 1,000, and 3,000 
p.p.m. of 2,4-D. 

Results.—The only adverse effects appar- 
ent grossly were a reduction in food intake 
and a retarded growth rate in the birds fed 
the diet containing 3,000 p.p.m. of 2,4-D. 
No histopathological examinations were 
made. 


pathological 


seven 


ORAL ADMINISTRATION TO STEERS 


Purpose.—Since essentially all of the toxicolog- 
ical information on 2,4-D and 2,4,5-T type herbi- 
cides was obtained using small animals and since 
the practical application of materials in- 
volves exposure also to large animals, experiments 
were undertaken to ascertain if extrapolation of 
the data obtained on the laboratory animals to 
large animals was justified. 

Esteron Brush Killer. esteron brush 
killer (formulation of esters of 2,4-D and 2,4,5-T) 
is perhaps the widest used of the products dis 
cussed herein, it was chosen for study. 

In the experiments outlined in the following 
paragraphs, administrations were all by intuba 
tion. Treated animals were constantly under ob- 
servation and the ordinary clinical observations 
were routinely made. In general, positive 
observations are reported. 

Experiment 1.—A steer weighing 291 kg. 
was given a single dose of 1,000 mg./kg. 
No perceptible symptoms of toxicity were 
observed. 

Experiment 2.—A steer weighing 295 kg. 
was given 1,000 mg./kg. of esteron brush 
killer on each of three successive days. 
General depression, decreased food and wa- 
ter intake, and decreased rumen motility 
were observed following the third dose. 
These symptoms became increasingly se- 
vere until the steer died on the third day 
following the last dose. Death was undra- 
matic; no convulsions, struggling, or signs 
of pain were observed at any time. Nee- 
ropsy revealed the following: Rumen eon- 
tents were dry and smelled strongly of the 
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esteron; the abomasum was impacted and 
the contents of the intestines were entirely 
fluid ; the mesenteric vessels were congested 
and the spleen was dark and shrunken. 

Experiment 3.—A steer weighing 295 kg. 
was given 500 mg./kg. on each of two con- 
secutive days. On the third day, the animal 
was off feed and rumen motility had essen- 
tially ceased. On the fourth day, the steer 
appeared perfectly normal and there were 
no discernible after-effects. 

Experiment 4.—Another steer weighing 
336 kg. was given 500 mg./kg. on each of 
three successive days. No toxic symptoms 
were observerd and the animal remained 
on full feed. 

Experiment 5.—A steer weighing 250 kg. 
was given 100 mg./kg. of esteron brush 
killer on each of fifteen consecutive days 
without any outward appearance of ad- 
verse effects. The animal was killed for 
study forty-eight hours following the last 
dose. Gross examination of the internal or- 
gans revealed only slight petechial hemor- 
rhage in the duodenum and a mild diffuse 
irritation in the abomasum. Histological 
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examination of tissues from the lung, heart, 
spleen, adrenals, pancreas, thyroid, thymus, 
bladder, and lymph nodes revealed no ab- 
normalities. Sections from the liver re- 
vealed small areas of focal hemorrhagic 
necrosis surrounded by areas of fatty de- 
generation. In the kidneys, very slight in- 
terstitial edema and congestion in the me- 
dulla and cortical medullary region were 
observed. Although gross examination of 
the gastrointestinal tract revealed mild ir- 
ritation in the duodenum and abomasum, 
sections of these organs failed to indicate 
any changes of significance. 

Kuron (H-1078).—Beeause of the ecur- 
rent interest in derivatives of chlorinated 
phenoxypropionic acid, one of the more 
promising formulations, kuron (table 1), 
was included in the work with cattle. A 
steer weighing 250 kg. was given 100 mg./ 
kg. of kuron on each of fifteen consecutive 
days. No adverse effects were noted when 
judged by general appearance, behavior, 
and weight gain. The animal was killed for 
examination forty-eight hours following 
the last dose. Gross examination of the in- 


TABLE 4—Summary of Acute Oral Toxicity of Various Herbicidal Formulations (Dow) 


Material Species 


2,.4-Dow weed killer Guinea pigs 


2.4-Dow weed killer (formula 40) Rats 


Esteron 44 Rats 


Esteron 245 (old) Rats 
Rats 
Rats 
Rats 
Guinea pigs 


Esteron 245 (new) 
Esteron ten-ten 
Brush killer 50-50 


Rabbits 

Chicks 
Brush killer T Rat 

Guinea pigs 

Mice 

Rabbits 

Chicks 


Brush killer 76 tats 
Brush killer 76E Rats 
Rats 


Rats 


Gruinea bigs 


Esteron brush killer (old) 
Esteron brush killer (new) 


Guinea pigs 
Rabbits 


Chicks 


Steers 


19/20 confidence 
limits ) 


Vehicle (mg./kg.) 


Range 
Water 2.000) (1,000-3,000) 
Range 
Water R50 (700-1,000) 
Range 
Olive oil 650 (300-1,000) 
Range 
Emulsion in 000 (300-2,000) 
Range 
Olive oil R00 (600-1,000) 
Olive oil 760 (660-860) 
Emulsion in wate O70 (700-1,650) 
Emulsion in wate) .160 (820-1,630) 
Corn oil 800 (624-1,070) 
Range 
F Undiluted 420 (500-2000) 
Mand F Undiluted 000 (2,700-5.900) 
F Emulsion in water 200 (783-1,850) 
F Emulsion in water 
F Olive oil 230 (938-1,620) 
M Undiluted 249 (604-1,190) 
Mand F Undiluted 000 (1.350-2.960) 


(875-2.290) 


Range 

Corn oil 750 500-1.000) 
Range 

F Corn oil 300 (250-1.000) 
Range 

M Emulsion in 000 

M and F 
M 


000) 
orn oi! (200-950) 


(1,040-1.430) 


590-1.840) 


orn oil 


( 
Corn o1! 1.6 (1 


Mand F orn oil 960 (790-1.160) 
Range 
Mand F Corn oil 
Undiluted 


2,000 (1,000-3.000 


Greater than 1,000 


4, 
34 
Sex 
- 
| 
4 
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ternal organs revealed no abnormalities. 
Histological examination of tissues from 
the lung, heart, liver, spleen. pancreas, 
thymus, bladder, lymph nodes, rumen, ret- 
iculum, omasum, and abomasum revealed 
no abnormalities. Very slight interstitial 
edema and congestion was observed in the 
medulla and cortical medullary regions of 
the kidney, but since this has frequently 
been observed in untreated animals, its 
significance is questionable. 


DIscussIoN 


Significance of Experimental Results. 
Study of the data presented in table 3 in- 
dicates that the various forms of 2,4-D and 
2.4,5-T all fall in the same range of toxicity 
for rats, mice, guinea pigs, and rabbits. The 
dog appears to be somewhat more suscep- 
tible to these materials than the other spe- 
cies studied, and chicks appear to be more 
tolerant. It is also apparent that MCP 
(2-methyl-4-chlorophenoxyacetie acid), sil- 
vex (2-[2,4,5-trichlorophenoxy| propionic 
acid), and their derivatives are less toxic 
acutely than the corresponding derivatives 
of 2.4-D and 2,4,5-T. The 1.d.,, values for 
2.4-D and 2,4,5-T and their common deriva- 
tives are in the range of 300 to 1,000 mg. 
kg. for the rat, mouse, guinea pig, and rab- 
bit, whereas for MCP and silvex, the corre- 
sponding values range from 600 to 1,400 
mg./kg. 

The data presented in table 4+ show that 
the acute oral toxicity of the commercial 
formulations, in general, tends to be pro- 
portional to that which might be expected 
from their content of active ingredients. 
Thus, * appears that the ‘‘inert ingre- 
dients' present in these formulations are 
less toxic than the active agents. Further- 
more, the ‘‘inerts’’ do not appear to exert 
a potentiating effect upon the toxicity of 
the active materials. For the commercial 
formulations studied, the i.d.,, values for 
rats, mice, guinea pigs, rabbits, and cattle 
range from 500 to 2,000 mg./kg.; for chicks 
the range is from 2,000 to 4,000 mg./kg. 

The results of repeated oral administra- 
tions indicate that 2,4-D and 2,4,5-T can be 
tolerated without adverse effects in doses 
only slightly smaller than those which cause 
toxic effects when given only once. This 
fact demonstrates that these materials have 
a low degree of chronicity. 

The studies with cattle 


have demon- 
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strated the similarity in susceptibility of 
cattle and small laboratory animals to this 
type of herbicidal materials. It has also 
been demonstrated that cattle are distinctly 
more tolerant of this type material than 
dogs. 

The following conclusions with regard 
to cattle seem justified : 

1) A daily dose of 30 mg./kg. probably 
can be tolerated for prolonged periods 
without adverse effect. 

2) A daily dose of 100 mg./kg. would 
not be expected to cause any ill effects un- 
less exposures were continued for a week or 
longer. However, if exposures were con- 
tinued, some liver and kidney injury, and 
perhaps some gastrointestinal irritation 
could oceur. Death or serious illness would 
not be anticipated. 

3) A daily dose of 500 mg./kg., if con- 
tinued for several days, could result in 
serious effects. A single dose of 500 mg. 
kg. would not be likely to cause serious 
effects. 

4) A-single dose of 1,000 mg./kg. may or 
may not cause illness. Repeated doses of 
this size are very likely to cause death. 

Evaluation of Direct Hazard to Live- 
stock.—In actual practice, esteron brush 
killer (a formulation of esters of 2,4-D and 
2,4,5-T) and similar formulations are not 
ordinarily used on areas containing appre- 
ciable forage at a rate greater than 2 quarts 
per acre or 47 mg./sq. ft. 

Assuming that all of the herbicide ap- 
plied at this dosage rate is deposited on 
edible forage, an animal weighing 350 kg. 
(770 lb.) would have to consume all the 
forage on 744 sq. ft. of treated area to ac- 
quire a dose of 100 mg./kg. of the herbi- 
cidal formulation. Such a dose could be 
tolerated daily for a number of days with- 
out any serious effects. Based on the same 
assumption, it would be necessary for the 
animal to graze completely an area ten 
times as large, or 7,440 sq. ft. (0.17 acres) 
in order to acquire an acutely toxie dose 
(approximately 1,000 mg./kg.). 

Since these assumptions are based upon 
complete availability to livestock of all the 
herbicide applied, an obviously impossible 
condition, it is apparent that there is little, 
if any, direct hazard to livestock or wild- 
life foraging areas treated with herbicides 
of the type described herein. This has been 
confirmed by the extensive use of these ma- 
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terials over a number of years without any 
proved cases of adverse effects. 

Evaluation of Indirect Hazard to Live- 
stock.—There has been much discussion of 
the possibility that spraying with these 
herbicides might cause some plants to be- 
come toxic, toxic plants to become more 
toxic, and ordinarily nonpalatable plants 
to become palatable. Considerable investi- 
gation of these possibilities has resulted in 
the general conclusion that from a practi- 
eal standpoint these suppos'tions were more 
fanciful than factual. ' 

In 1950, Willard '* of Ohio State Univer- 
sity and Agricultural Experiment Station 
pointed out that the spraying of certain 
types of plants with 2,4-D increased their 
nitrate content to hazardous levels. 

The leaves of sugar beets accidentally 
sprayed with 2,4-D were reported to have 
caused the poisoning of some livestock. 
However, since 2,4-D is never knowingly 
used on sugar beets, this does not appear 
to present a serious practical hazard. Other 
weeds such as lambsquarter, pigweed, and 
smartweed have also been reported as econ- 
taining increased quantities of nitrate after 
treatment with 2,4-D. Sinee livestock do 
not ordinarily eat these species, it would 
seem that the hazard presented by the ac- 
cumulation of nitrate in these plants is 
slight. The lack of reported cases of nitrate 
poisoning would seem to substantiate this 
supposition. 

Wild cherry is recognized as a hazardous 
plant to have in grazing areas. Couch * 
has suggested that the wilting of wild 
cherry leaves results in the hydrolysis of 
cyanogenic glucosides to form free hydro- 
eyanic acid (HCN) and, therefore, that eut 
wild cherry is much more hazardous to live- 
stock than the growing plants. By analogy, 
it has been postulated that wild cherry 
leaves wilted as a result of treatment with 
2.4-D and 2,4,5-T herbicides likewise might 
be more toxic than growing leaves. Bar- 
rons and Lynn® and Grigsby and Ball,’® 
working independently, demonstrated 
clearly that the HCN eontent of wild 
cherry leaves sprayed with esteron brush 
killer was actually lower than the content 
of unspraved leaves. 

Dr. Willard also has called to attention 
the possibility that treatment with 2,4-D 
type herbicides might make certain natu- 
‘ally poisonous plants more palatable or 
even attractive to livestock. This is a possi- 
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bility but, so far, it has not been estab- 
lished as a fact. 

In evaluating the hazard associated with 
the forementioned possibilities, Dr. Wil- 
lard in 1951 stated as follows: ‘‘In the 
first place, literally dozens of carefully 
controlled feeding experiments, both with 
2.4-D and 2,4,5-T directly and with vege- 
tation sprayed with them, have uniformly 
and without exception failed to show any 
poisonous effects on any kind of livestock. 

‘*In'the second place, literally millions of 
acres of pastures with livestock on them 
have been sprayed in the last six or seven 
years without injury to livestock. | am sure 
there is no experimenter here who has not 
used: 2,4-D in occupied pastures. In our 
state, one company over a period of four 
years has sprayed 60,090 miles of roadside 
in twenty-six counties. During that time, 
he has had only five reports of suspected 
poisonings, none of them substantiated, 2 
of swine, 2 of cattle, 1 of sheep. A company 
in Pennsylvania, which has sprayed 10,000 
acres of right-of-ways per year, reports 
just 4 cases, only 1 of which was not com- 
pletely cleared up as due to other causes, 
in five years of work.’’ 

In 1953, Dr. S. N. Fertig? ef Cornell 
University summarized the situation re- 
garding poisoning as follows, ‘‘There are 
no known cases of actual herbicidal poison- 
ing from field application of presently used 
herbicides marketed as nonpoisonous.* 
There is no sound toxicological evidence 
available of the presently publicized ni- 
trate-phenol and nitrite poisoning as a 
common cause of death. True, nitrate and 
nitrite poisoning has occurred in eattle, 
sheep, and swine from eating plants grown 
on high nitrate soils or from other feed 
sources. None of these, however, have been 
definitely traced or shown to be caused by 
herbicidal treatment. All the alleged cases 
of herbicidal poisoning of livestock and 
wildlife that have been definitely diag- 
nosed have been caused by one of the fol- 
lowing: (1) lead, (2) arsenic, (3) hard- 
ware disease, (4) poisonous plants, (5) old 
age, (6) parasites, (7) drowning, (8) poor 
marksmanship, (9) contaminated food, and 
(10) injection or oral dosage of some medi- 
cine or drug. In all cases that have been 
carefully surveved, even though the herbi- 

* Dr. Fertig's classification of herbicides marketed as 


non-poisonous includes such materials as those discussed 
in this paper. 
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cide has been associated with the trouble, 
it has in no ease been directly or indireetly 
related to the deaths reported.’’ 


SUMMARY AND CONCLUSIONS 


1) The acute oral l.d.,, values for 2,4-D, 
2.4,5-T, and their various derivatives com- 
monly used in herbicidal preparations fall 
in the range of 300 to 1,000 mg./kg. for 
rats, mice, guinea pigs, and rabbits. Gen- 
erally, dogs are more susceptible and chicks 
are more tolerant of this type of material. 
On a weight basis, the toxicity to cattle 
appears to be quite similar to the toxicity 
to ordinary laboratory animals. 

2) The acute oral l|.d.., values for com- 
mercial formulations of 2,4-D and 2,4,5-T 
tvpe materials are approximately propor- 
tional to their content of active ingredient. 
The ‘‘inert ingredients’’ do not appear to 
contribute materially to the oral toxicity 
of the formulations. 

3) Data available indicate that the 2,4-D 
and 2,4,5-T type herbicides h ve a low 
chronicity. 

4) MCP (2-methyl-4-chlorophenoxy- 
acetic acid) and silvex (2-{2,4,5-trichloro- 
phenoxy] propionic acid) and their herbi- 
cidal derivatives appear to be slightly less 
toxic than the corresponding 2,4-D and 
2.4.5-T type materials. 

») The hazard to livestock and wildlife 
associated with the use as recommended of 
herbicides containing 2,4-D, 2.4,5-T, MCP, 
and silvex is negligible. It should be recog- 
nized, however, that toxic amounts of these 
materials can be obtained if animals have 
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access to spray tanks or other containers of 
the materials. 
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The Illustration of the Morphology of Vibrio Fetus 
by Electron Microscopy 


HARRY E. RHOADES, M.S. 


Urbana, Illinois 


LITERATURE CITED 

The characteristics of Vibrio fetus were first 
deseribed in England by a committee appointed 
by the Board of Agriculture and Fisheries to in 
quire into epizootic abortion in sheep’ and in an 
appendix to this report by MeFadyean and Stock- 
man.” Smith and Taylor’ isolated and described 
an organism from the fetal membranes of cattle 
in 1919 which they named Vibrio fetus. Plastridge 
et al.t and Ryff and Lee® have also described the 
organism. 


MATERIAL AND METHODS 


One ovine and one bovine strain of Vibrio fetus 
were used in this study. Cultures were transferred 
to fresh tryptose agar slants at three-day intervals 
and ineubated at 37C. under 10 per cent carbon 
dioxide. 

In the preparation of Vibrio fetus cultures for 
electron microscopy, a small amount of the cul 
ture was removed from an agar slant and sus 
pended in 0.05 M. phosphate buffer (pH 7.0). A 
small drop of the suspension was placed on a 
ecollodion coated, stainless steel grid of 200 mesh 
and exposed to the vapor of a 2 per cent solution 
of osmium tetroxide for twenty minutes. After 
fixation, the preparation was dried and then 
washed with distilled water to remove the salt 
crystals. The washed specimen was redried and 
shadow cast with either a gold-chromium alloy er 
palladium. The angle of shadow casting was about 
18 degrees. The pictures were taken at magnifica- 
tions of 3,000 to 10,000. 

The cultures on initial isolation were 
made up almost entirely of comma and S8- 
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From the Department of Veterinary Pathology and 
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shaped rods (fig. 1 and 2). These curved 
rods measured about 0.5 » wide and 1.5 to 
5.0 bh long. In young cells, the evtoplasm of 
the cell was homogenous (fig. 1, 2, and 3) 
The organism was motile by means of a 
single, polar flagellum or bv bipolar fla- 
gella. The latter arrangement was found 
predominantly on the S-shaped cells and 
on some filamentous forms (fig. 4 and 7). 

On succeeding transfers, the organism 
became more filamentous and the cyto- 
plasm had a granular appearance. The 
granules appeared in the form of dots at 
one end of some of the comma-like cells 
(fig. 5). In some long forms they were 
arranged at fairly regular intervals (fig. 
6). Aecording to Davis and associates,’ re- 
fractile granules found in bacteria may 
be mitochondria or nuclei. 

No segmentation of 
forms was discernible in 
7 and 7a). 

When the bovine strain of Vibrio fetus 
was transferred on agar slants that were 
allowed to Gry somewhat before inocula- 
tion and transfers were made at four-day 
intervals, a coceoid form appeared. This 
coceoid form oceurred in old cultures and 
under unfavorable conditions for growth. 
It had a single flagellum and the cytoplasm 
was granular (fig. 8). A saline suspension 
of a culture containing many coccoid forms 
auto-agglutinated. The first report of this 
coccoid form was by MeFadyean and 
Stockman.* Firehammer and Marsh ? men- 
tioned the undesirability of using a culture 
containing this form for antigen produe- 
tion. 


the filamentous 
this work (fig. 


Legends for Illustrations on Opposite Page 


Fig. 1—Comma-shaped Vibrio fetus cell measuring 0.5 , wide and 2.0 « long. 
Fig. 2—S-shaped V. fetus cell measuring 0.8 , wide and about 5.0 » long. 


Fig. 3—S-shaped V. fetus cell with homogenous cytoplasm surrounded by the cell wall. 


Fig. 4—In the lower left corner is a comma-shaped V. fetus cell with a single polar 
flagellum. At the top of the picture is an S-form with bipolar flagella. 
Fig. 5—Comma-shaped V. fetus cell with a granule in the form of a dot at the right end 
of the cell. 
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The bovine strain used in this study pro- 
dueed the various forms more readily than 
the ovine strain. 


SUMMARY 


The variations in the morphology of 
Wbrio fetus are illustrated by electron mi- 
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croscopy. On initial isolation, the organ- 
isms were predominantly comma and 8S 
forms with homogeneous cytoplasm. On 
transfer the cytoplasm became granular in 
appearance, and very long filamentous 
forms were observed. The comma forms 
had a single polar flagellum, whereas many 


Fig. 6—Long form of Vibrio fetus cell with granules arranged at regular intervals along 
the filament. 
Fig. 7 and 7a—Nonsegmented long filamentous form of Vibrio fetus cell with bipolar 
flagella. 
Fig. 8—Coccoid form of Vibrio fetus cell with.granular cytoplasm and a single flagellum. 
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of the S forms had bipolar flagella. 
longed ineubation and 


slants produced a coccoid form with a sin- 
gle flagellum. This form auto-agglutinated. 
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Marginal Punched Cards in Veterinary Research 


C. W. SCHWABE, M.S., D.V.M., and L. R. DAVIS, Ph.D. 


Auburn, Alabama 


THE MARGINAL punched card is useful to 
the researcher in veterinary medicine for 
filing reprints, compilation of bibliogra- 
phies, filing projection and microscope 
slides, maintenance of autopsy and labo- 
ratory records, organization of lecture 
notes, taxonomic keying of organisms, and 
in the preparation of papers and books for 
pubiication. The imaginative user might 
add to this list indefinitely; for once ac- 
quainted with the basic punched card 
techniques, additional applications suited 
to his particular interests and routine will 
become increasingly evident. The busy 
practitioner might adopt the method as a 
simple system of filing case records. 

Marginal punched cards are not new but 
their widest usage has previously been in 
the fields of chemistry and library science. 
Only in recent years have many biologists 
become even aware of their existence, al- 
though the various chemical research jour- 
nals contain numerous papers discussing 
their usefulness in that field. 

The basic principle of marginal punched 
cards is similar to that of the more familiar 
IBM*-type eard, that is, various categories 
of useful information are punch-coded up- 
on each card, and all cards pertaining to 
any particular category of information may 
be quickly and easily secured from the file 
by a mechanical sorting process. Unlike the 
IBM system, however, marginal punched 
ecards are especially suited to individual 
and small laboratory usage because me- 
chanical hand-sorting rather than machine 
sorting is employed, and because the neces- 
sary equipment is neither complicated nor 
expensive. One needs a hand punch, tum- 
bler (sorting needle), marginal punched 
eards, and a booklet of gummed, perfo- 
rated hole-repair stickers.** 
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The basic techniques may be demon- 
strated most readily by illustrating an ac- 
tual usage. Many veterinary researchers 
maintain a collection of other 
type, projection slides pertaining to their 
work. These may be useful to illustrate 
classroom lectures, papers presented at sci- 
entific meetings, talks before lay groups, 
and a variety of other purposes. To secure 
maximum usefulness from a slide collee- 
tion, a pathologist may wish to have it 
filed under such categories as specific dis- 
ease, animal species, organ involved, type 
of pathology, etiological agent, and others. 
Using conventional systems of filing, he 
may do either of two things: (1) break 
down the slide filing drawers or boxes into 
the categories desired and file a duplicate 
of the slide under each category; for in- 
stance, a slide portraying one lesion © :ight 
be filed under sterility, bovine, testis, fatty 
change, Brucella spp., et cetera, requiring 
at least five copies of the slide, or (2) the 
slides might be filed numerically and a 
conventional card file broken down into 
each category as listed above. This would 
require typing five or more cards for 
each slide. Although both of these meth- 
ods would permit maximum use of the 
slide collection, each has obvious disad- 
vantages involving expense, space, or la- 
bor, all of which are important factors for 
the consideration of the busy researcher. 

Marginal punehed cards might be used 
to handle the situation in this way. File 
slides numerically as they come to hand. 
Prepare a code card (fig. 1) for the cate- 
gories of information desired from the e¢ol- 
lection, and devote one card to each slide 
in the collection, punching the holes corre- 
sponding to the code. Write the number of 
each slide upon its particular card. The 
card file then is entirely random without 
any attempted semblance of sequence. Fig- 
ure 1 shows a ecard punched for ‘‘sterility, 
bovine, testis, fatty change, Brucella spp.’’ 
(Temporarily ignore those holes pertaining 


color, or 


* The accessories and the marginal cards 
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to specific disease and etiological agent. ) 
Now should one desire all slides illustrating 
lesions of the bovine testis, for instance, 
pass the tumbler through the hole coded 
‘*testis,’’ and this would drop all of the 
eards pertaining to the testis. The nee- 
dling technique is shown in figure 2. Then 
by passing the tumbler through the hole 
coded ‘‘bovine’’ in the dropped cards, all 
cards pertaining to the bovine testis will 
be sorted out. All the slides on the bo- 
vine testis may be secured from the file 
by referring to the slide number on each 
dropped card. The sorting process could 
have been continued further by successively 
needling ‘‘fatty change,’’ ‘‘ Brucella spp.”’ 
et cetera. Needless to say, the explanation 
of these techniques consumes much more 
time than their actual operation. 

What has just been described is called 
‘‘sorting by direct coding,’’ that is, as- 
signing a numbered hole in a code to each 
category desired, such as was done under 
animal species, organ involved, and type of 
pathology. This type of simple coding is 
limited only by the number of holes avail- 
able on the card (for instance, 91 num- 
bered holes on the 5- by 8-in. card and 
51 holes on a 3- by 5-in. ecard). In such 
categories as specific disease and etiologi- 
cal agent, however, one can see that the 
number of working subdivisions desired 
may exceed the number of holes available. 
In situations such as this, one must resort 
to one of several systems of indirect cod- 
ing. Notice in figure 1 that, in addition 
to a continuous numbering of the holes 
around the margin, the holes are divided 
into series of four, each series numbered 
7, 4, 2, 1. These series are space savers: 
with them one may punch any number 
from 0 to 9 in just four spaces (none, 1, 2, 
2 plus 1, 4, 4 plus 1, 4 plus 2, ete.). In 
punching higher numbers, 10-99, employ 
a second series of four to the left; for 
100-999, a third series, and se on ad in- 
finitum, each series reading from the right, 
tens, hundreds, thousands,’’ et cet- 
era. Here the potentialities of marginal 
punched cards become obvious; with only 
12 holes, 999 categories of information can 
be coded for easy sorting. In the above 
example, specific disease and etiological 
agent were coded by this method. A num- 
ber on the master code is assigned to each 
disease and each etiological agent desired ; 
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i.e. 1 for ‘‘anthrax’’.. . to 80 for ‘‘steril- 
ity,’’ ete., on the lower edge, and 1 for 
‘* Anaplasma spp.’’ to 467 for ‘‘ Bru- 
cella spp.’’ on the upper edge (fig. 1). 
The sorting technique for indirect cod- 
ing is the same as for direct coding, except 
the cards usually must be needled several 
times or with several tumblers simultane- 
ously. When properly needled the desired 
number will drop. It takes but slight 
mathematical curiosity to see that with 
certain numbers in indirect coding, in ad- 
dition to the desired cards, some unwanted 
numbers may also fall (this is largely a 
result of the 7, 4, 2, 1 combination). Prac- 
tically speaking, this seeming disadvantage 
of indirect coding is seldom an inconven- 
ience, but it should encourage direct cod- 
ing wherever applicable. This example of 
the use of marginal punched cards for a 
color slide file illustrates most of the basic 
techniques. Of course, dates and many 
other types of useful information could 
also have been coded. There are several 


modifications of direct coding which extend 
its usefulness, and one will be considered 
presently. 

Marginal punched cards are available in 


a large variety of sizes, some of which are 
standard (3- by 5-in., 5- by 8-in., ete.), and 
others which must be made to order. The 
size of the card selected for any particular 
use will depend upon the amount of direct 
coding to be done or the amount of written 
material to be included on the card. For 
the color slide file where the slide number 
was the only thing written, a smaller card 
could have been used. In compiling bibli- 
ographies or lecture notes, a larger card, 
such as in figure 1, would be more useful. 
Cards are available in varied rag content 
which determines their durability. Good 
grade cards cost as little as 1 cent each in 
lots of 500. More complicated varieties in- 
clude two or more rows of punched holes. 
Some manufacturers will color code the 
margins, or the card may be printed on 
colored stock. 

An extended modification of direct eod- 
ing will be illustrated with a reprint file. 
Figure 3 shows a suitable code card. The 
top edge on the right is directly coded for 
type of etiological agent, and on the left 
for animal species. The bottom edge of 
the ecard (temporarily ignore the sides) is 
coded for specific diseases by a modified 
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direct code. That is, one must needle 

category on the top right before selecting 
the specific disease on the bottom, be- 
cause the bottom is used for each category 


1—Combination of the Letters ‘“O-I-E- 
Used to Make an Alphabetical Indirect 
Code for Authors of Reprints 
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coded. For instance, 
‘‘leptospirosis’’ is wanted, first needle 
“heme and then needle 60 in the 
dropped cards, which is leptospirosis un- 
der bacteria. If 60 were needled first, 
disease number 60 under each type of etio- 
logical agent would drop. The number of 
specific diseases that could be indexed in 
this way would be 30 (number of bottom 
holes) times the number of principle cate- 


ent 
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If this were not a sut- 
eoding 


gories (top right). 
ficient number the modified direct 
could be extended around the right side. 
or else an indirect code could be utilized 
as was done for specific disease in the color 
slide file. This technique of modified direct 
coding greatly increases the usefulness of 
the card. 

Now consider 
figure 3. One may wish to 
things as author, date, and such divi- 
sions of disease as ‘*diagnosis,’’ ‘‘ prophy- 
laxis,’’ ‘‘treatment,’’ and ‘‘control,’” to 
name but a few. A single hole may be 
reserved for a special bibliography to be 
located in toto, such as all references to be 
included in a doctoral dissertation, or all 
the reprints pertaining to diseases in one 
locality. This latter service from a reprint 
collection requires but a single punch. For 
the paper’s date use indirect coding, and 
for the author’s name use an alphabetical 
code of which there are several. One that 
is commonly used is given in table 1, and 
illustrated in figure 3. Usually, only the 


the card in 
eode such 


the sides of 
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Fig. 1—Sample code card for a color ¢i.de file, directly coded for species, organ, type of 
pathology, and indirectly coded for etiological agent and specific disease. Standard 
marginal punched card, 5 by 8 inches. 
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Fig. 2. Hand-sorting cards by using a tumbler. 
Desired punched cards drop as tumbler is 
raised. The other necessary equipment, margin 
punch, cards, and repair stickers, are shown. 


first two or three letters of the author’s 
name are coded. Figure 3 is correctly 
punched for the following paper: 
Alicata, J. E., and V. 
of Leptospirosis Among Dogs in 


Incidence 
Honolulu 
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as Determined by Serological Agglutination 
Tests. J. Washington Aead. Sei., 32, 
(1942): 305-308, 

In a typical reprint file, the bibliograph- 
ical reference as above, plus the number 
assigned to the reprint, would be typed 
on the card. As the reprints are received 
they are filed by number without any re- 
gard to subject, author, et cetera. In the 
same card file, one might desire to include 
references to papers not in his library; in 
such cases, the marginal punched ecards 
provide ample room on_ both for 
abstracting. 

The form that is presently employed 
by a laboratory for such cases as autopsy 
and clinical laboratory reports and ree- 
ords could be printed or mimeographed 
direetly on the cards. Marginal punched 
cards can end searching through piles of 
individual records for such things as all 
the blood urea nitrogen determinations for 
1947-1953 ; just needle, and there they are. 

The efficiency of the system is but slightly 
impaired by mounting clippings. photo- 


sides 


Fig. 3—Sample code card for reprint file, directly coded for species and type of etiologi- 
cal agent, indirectly coded for author’s name and date of publication, and coded by a 
modified direct technique for specific disease. 
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graphs, or conventional file cards on the 
marginal punched cards (best done with 
photographie mounting tissue to reduce 
warping), and its usefulness for certain 
purposes might be increased thereby. 

To illustrate one last usage, consider 
briefly the taxonomic key. Suppose it is 
desired to identify the ten species of 
coecidia which attack cattle in the south- 
ern states. Assign a direct code number 
to each characteristic used in identifying 
the species. For example, (1) colorless, 
(2) yellow, (3) brown, (4) yellow-green, 
et cetera, (8) smooth wall, (9) some 
with mammillate walls, (10) distinetly 
thickened wall, (15) no mieropyle, 
(17) polar cap, (18) spherical, et cetera. 
A separate card should be used for each 
species, with numbers punched for each 
characteristic. Two or three sorting mo- 
tions of the key cards are usually suffi- 
cient for identifying unknown species. 

Before starting to work on a marginal 
punched-card system, one or two cautions 
are in order. First, keep it simple until 
sure of what information is needed ; do not 
be in a hurry to make up an elaborate 


code and thus waste half the holes with 


information you will never needle. Sec- 
ond, elaborately coded categories may be 


C. W. ScHWABE AND L. R. Davis 


AM. J. VET. RES. 
OCTOBER 1954 


such minute divisions that they will be 
more trouble than they are worth; there 
is a point of diminishing returns to watch 
for where hand-sorting of a few cards is 
easier than needle-sorting. 

Punched card bibliographies of the 
world’s literature in certain fields are be- 
coming available on a subscription basis. 
For example, all references to electron mi- 
croscopy for 1950-1952 are obtainable on 
approximately 700 punched ecards and sue- 
ceeding issues are planned.’ Perhaps the 
same system could be utilized in fields of 
veterinary research. 

The authors have covered only a few of 
the most useful techniques for veterinary 
research workers. There are simple systems 
for putting ecards in alphabetical order, 
there are triangular and other codes, and 
many other published methods. The refer- 
ences ** listed sum up many of these; they 
also include names and addresses of some 
of the manufacturers. 
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The Influence of Cobalt on the Action of Antibiotics 
J. C. TRACE, D.V.M., and G. T. EDDS, D.V.M., Ph.D. 


Fort Dodge, Iowa 


Mastitis caused by Streptococcus agalac- 
tiae has become less of a dairy herd prob- 
lem since the advent of antibiotics, par- 
ticularly penicillin. However, there has 
been a percentage increase in the incidence 
of mastitis caused by other streptococcal 
species, staphylococci, and coliform organ- 
isms.’ Consequently, much work is being 
carried on to develop a formulation which 
would be more effective against the com- 
plete spectrum of bacteria associated with 
mastitis. 

Streptomycin was found to increase the 
effectiveness of penicillin against mastitis 
pathogens and more recently sulfisoxazole 
and sulfathiazole were shown to potentiate 
the penicillin-streptomycin combination 
against some of the more resistant organ- 
isms associated with mastitis.2»*> This pres- 
ent work was initiated with the objective 
of producing an antibiotic combination of 
even greater effectiveness. Since previous 
reports indicate that certain of the antibi- 
otics are potentiated when cobalt is in- 
cluded, we would like to present the results 
obtained in our laboratories confirming 
this earlier work. 


LITERATURE CITED 


Pratt and Dufrenoy* were the first to notice 
that trace amounts of cobalt salts increased the 
in vitro antibacterial activity of penicillin against 
both gram-positive and gram-negative organisms. 
They reported ** that cobalt enhanced the activity 
of penicillin from two to ten times against Micro- 
coccus pyogenes var. aureus 
Escherichia coli, Bacillus 
garis, and Eberthella typhosa. Pital et al.™ re 
ported results cobalt 
combined with penicillin against Salmonella 
and Eberle” found eobalt 
penicillin fourfold against Micrococ 
var. aureus and streptomycin and 
sulfisoxazole twofold against Escherichia coli and 
var. respectively, 
using a standard tube dilution method. They no 
ticed no benefit when cobalt was combined with 
chloramphenicol (chloromycetin®) or oxytetracy- 
cline (terramyein®), and actual interference with 
the activity of chlortetracyeline (aureomycin®) 


(Staphylococcus), 
subtilis, Proteus vul 
comparable vitro when 
was 
pullorum. Kammerer 
potentiated 
cus pyogenes 
Micrococcus 


pyodge nes aureus, 
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and protocid® (a combination of sulfanilamide, 
sulfadiazine, and sulfaethylthiadiazole). The data 
of Erszsebet and Tivadar™ demonstrated that co 
balt reduced the amount of streptomycin required 
to inhibit visible growth from two to eight times 
against seven strains of coliform organisms in a 
tube dilution method. The work of Carboncini ™ 
indicated a two- to fourfold enhancement by com- 
bining penicillin and cobalt in vitro against Micro 
coccus pyogenes var. aureus and Escherichia coli. 

Many of these same workers have reported sim- 
ilar in vivo activity when using a cobalt-penicillin 
combination. Strait et al.° reported 2,000 units of 
penicillin with cobalt to be at least equally effec- 
tive as 4,000 units of penicillin alone in mice inoc- 
ulated with Eberthella typhosa. Carboncini™ re- 
peated this work with comparable results. Pital 
and co-workers **™ found that cobalt added to the 
drinking water materially increased the value of 
penicillin in treating pullorum infected chicks; 
2,290 units of penicillin plus cobalt was more than 
twice as effective as 5,500 units of penicillin 
alone. Carboneini™ and Liguori*® found it diffi- 
cult to estimate the comparative benefit of peni- 
cillin-eobalt therapy for infections in man, but 
many cases recovered which had been previously 
resistant to penicillin. 


METHODS 


Single Antibiotics and Cobalt.—A simple screen 
ing technique was adopted. To determine which 
antibiotics would be augmented by the addition of 
cobalt, 18 ee. of standard nutrient agar 
placed in sterile Petri dishes and allowed to solid 
ify, then 3 ce. of CoClh, 6H20 1: 5,000 
was placed on the agar for surface penetration for 
forty-five minutes and was then decanted. A group 
of control agar plates was treated with 3 ec. of 
sterile distilled water using a similar technique. 
The plates were then streaked with cotton swabs 
with a 24-hour tryptose phosphate broth culture of 
Micrococcus pyogenes var, aureus strain H-263-2 
isolated from a clinical mastitis. One 
Difco antibiotic disk was placed in each quadrant, 
the plates were inverted and ineubated for eight 
een hours at 37C. The diameters of the zone of 
inhibition of the cobalt-treated plates were com- 
pared with those in the control plates. 

Antibiotic Combination and Cobalt. 
ful of a 24-hour tryptose phosphate broth culture 
of the strain being tested was transferred to a 
second tube of tryptose phosphate broth. One loop 
from this 10 ec. diluted broth culture was in turn 
transferred to a third tube of tryptose phosphate 
broth; 0.5 ee. of the final culture was combined 
with 0.5 ce. of tryptose phosphate broth contain- 
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ing: (A) graduated amounts of penicillin and 
streptomycin or (B) graduated amounts of peni 
cillin and streptomycin plus 2.5 mg. per 100 ee. 
each of sulfisoxazole and sulfathiazole or (C) 
graduated amounts of penicillin, streptomycin, 2.5 
mg. per 100 ce. each of sulfisoxazole and sulfathi 
azole and 0.333 ug. of CoSO,-* 7H:.0. Positive re- 
sults were considered to be those in which no vis 
ible turbidity developed in eighteen hours when 
ineubated at 37 
RESULTS 

Single Antibiotics and Cobalt.—Cobalt 
was found to stimulate the inhibitory ae- 
tivity of penicillin, streptomycin, and baei- 
tracin but had no action on chlorampheni- 
col, chlortetracycline, and oxytetracycline. 
The results are presented in table 1 using 
Micrococcus pyogenes var. aureus H-263-2 
as the test organism. The ecaleulated de- 
gree of enhancement with penicillin and 
bacitracin is shown in chart 1. Since three 
antibiotic levels were used, only the per- 
centage of potentiation of the lower two 
concentrations can be estimated The eo- 
balt-enhancing factor when penicillin was 
used was 2.4 for both the 0.5-unit and the 
1.0-unit disks. That is, each unit of peni- 
cillin with cobalt was equivalent to 2.4 
units of penicillin alone. Since streptomy- 
cin had activity against Wierococcus pyoeg- 


0.¢ 


nit: Peoic 


2 10 2 
Wnits Bacitracin 

Diameters of zones of inhibition corresponding to differ 
ent concentrations of Difco penicillin and _ bacitracin 
disks. The standard nutrient agar plates were seeded 
with a 24-hour culture of Micrococcus pyogenes var 
aureus, H-263-2, after a 45-minute exposure of CoCl, 
(1:5,000) or distilled water 


Chart 1—The effect of cobalt with penicillin 
and bacitracin. 
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enes var. aureus only at the two higher 
concentrations (10 and 100 yg.) it was not 
included in table 1. The enhancing factor 
with bacitracin was 3.3 for 2 units and 1.8 
for 10 units. Similar work resulted in po- 
tentiation of penicillin against Micrococcus 
pyogenes var. aureus FDA 209, and Sal- 
monella choleraesuis. The action of strep- 
tomycin likewise was benefited by cobalt 
against Aerobacter aerogenes, Pseudomo- 
nas aeruginosa, and Salmonella cholerae- 
SUIS. 

Antibiotic Combination and Cobalt. 
Cobalt increased the antibiotic action of 
the combination of penicillin, streptomy- 
cin, sulfisoxazole, and sulfathiazole. Chart 
2 shows the comparative minimum inhibi- 
tory levels of the three combinations used. 
The right ordinate of chart 2 is for the 
Micrococcus pyogenes var. aureus only, 
since this organism was more susceptible 
to the antibiotic combination than the 
other four species. Penicillin and strepto- 
mycin alone (A) become approximately 
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twice as effective when the sulfonamides 
were added against Pseudomonas aerugt- 
nosa, Proteus vulgaris, and Micrococcus 
pyogenes var. aureus (B). On the other 
hand, sulfisoxazole and sulfathiazole did 
not increase the effectiveness of penicillin- 
streptomycin against Aerobacte, aerogenes 
or Escherichia coli. When 0.333 pg. of eo- 
balt (C) was added to the same combina- 
tion of penicillin, streptomycin, sulfisoxa- 
zole, and sulfathiazole, the bacte~iostatic 
effectiveness was from at least two to ten 
times greater against all five strains tested. 
DiscUSSION 

At the present time, one can only theo- 
rize concerning the probable mode of «ae- 
tion of cobalt. The im vitro results in our 
laboratory as well as those published by 
other workers indicate cobalt used alone in 
low concentrations is not bacteriostatic. 
Some workers *'* originally advanced the 
theory that cobalt stimulated bacterial 
multiplication and since penicillin is more 
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Chart 2—Improved bacterial inhibition produced when cobalt was added to a combination 
of antibiotics and sulfonamides. 
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effective against dividing bacteria, its bac- 
tericidal action would be enhanced in the 
presence of cobalt. ‘ 

More recently Pital et al.'' reported ¢o- 
balt in vitro inhibits tne normal respira- 
tion of bacteria. Other workers ‘*:*° have 
stated cobalt is capable of combining with 
the sulfhydryl groups which are active in 
oxygen transfer. Therefore, cobalt would 
interfere with normal respiration and uti- 
lization of the essential amino acids by the 
organism. For example, cobalt probably 
combines with glutathione, a sulfhydryl 
containing amino acid which must be ob- 
tained by the bacterial cell from its envi- 
ronment. This amino acid is structurally 
similar to penicillin and, when cobalt com- 
bines with it, the penicillin may be selec- 
tively utilized by the cell and thus could 
become more effective at a lower concen- 
tration. 

Cobalt is also reported to block nucleic 
acid metabolism in at least one species of 
bacteria.‘’ Sinee penicillin and streptomy- 
cin also interfere with this step in metabo- 
lism, cobalt could augment the action of 
both. 

All of the forementioned theories have 
been proposed as explanations for the im- 
proved im vitro results. Liguori *® suggests 
another possible mode of action. He dem- 
onstrated that penicillin plus cobalt, un- 
like penicillin, actually augments the de- 
fensive activity of the granulocytes by 
elevating their phagocytic index as well as 
causing an inerease in the number. Cobalt, 
just as do the antibiotics, apparently acts 
in several different ways so that one or any 
combination of these actions may actually 
take place. 

The first practical application of cobalt 
in antibiotic therapy in veterinary medi- 
cine has already been realized by its in- 
corporation in a mastitis formulation for 
udder infusion. The successful combina- 
tion of penicillin-cobalt therapy in infee- 
tious diseases of a series of human patients 
as well as in experimentally induced bae- 
terial disease of mice and chickens sug- 
gests additional investigational work is 
warranted. 

CONCLUSION 

In vitro results presented indicate that 
cobalt enhances the antibacterial effective- 
ness of penicillin, streptomycin, and bagi- 
tracin against Micrococcus pyogenes var. 
aureus. There was no benefit noted when 
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cobalt was combined with oxytetracycline, 
chlortetracycline, chloramphenicol, or poly- 
myxin. In a tube dilution method, cobalt 
reduced the inhibiting level of a combina- 
tion of penicillin, streptomycin, sulfisoxa- 
zole, and sulfathiazole from two- to tenfold 
against Micrococcus pyogenes var. aureus, 
Escherichia coli, Pseudomonas aeruginosa, 
and Aerobacter aerogenes, all organisms 
isolated from clinical mastitis. 
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The Effects of a Chlorophyll Derivative 
when Included in a Ration Fed Rats 
Il. Reproduction, Blood, and Tissue Studies 


ELWOOD F. REBER, Ph.D., and D. A. WILLIGAN, D.V.M. 


Urbana, Illinois 


Chlorophyll fractions deserve investiga- 
tion because they are of economic impor- 
tance to the practicing veterinarian, the 
manufacturer of proprietary drugs and 
dog foods, as well as to the consumer. The 
effect of sodium potassium copper chloro- 
phyllin, when ineluded in a ration and fed 
to rats continuously during the growth and 
reproduction period, is reported here. 
LITERATURE CITED 

Reports of Serling,' Westeott,? and Beggs * .1di 
cate that chlorophyll fractions administered orally 
aided in eliminating most objectionable body and 
mouth odors. These workers also considered chlo 
rophyll fractions as nontoxic and as having no ef- 
fect on normal digestive activities when fed for 
short periods of time. Worden and Waterhouse ‘ 
found that 33 mg. of water-soluble chlorophyll 
given daily was effective in controlling halitosis in 
dogs, but 33 mg. given four or six times daily had 
a negligible effect on female sex odor and did not 
influence mating. Burkhardt and Phillips® re 
ported a dose of 100 mg. of a chlorophyll fraction 
given to female dogs morning and night was suffi 
cient to eliminate the attraction for male dogs. 


METHODS 


The rats used in this study were the Sprague 
Dawley strain. Six female rats, about 28 days 
old, were allotted to each treatment. The initial 
average weight of the rats in each treatment was 
43 Gm. The control group was fed the basal ra- 
tion whose composition is shown in table 1. The 
second group received the basal ration in which 
Na K Cu chlorophyllin* (potassium disodium cop 
per salt having the formula CaHs,Oc.NsCu K Naz) 
was included at the expense of sucrose, at a level 
equivalent to 1 per cent of the pure compound. 
The Na K Cu echlorophyllin had a potency of 75 
per cent. 
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The rats were individually caged and housed in 
a room maintained at 25.5210C. They were 
weighed at weekly intervals and, while fed ad 
libitum, food consumption records were 
tained for the initial ten-week growth 
Mating of both groups of females was started at 
the end of the eleventh experimental week (about 
One male was caged with each 


main 
period. 


15 weeks of age). 
female for one week with rotation of males for 
three consecutive matings of one week each. The 
females were then separated from the males, 

Blood samples were taken by snipping the end 
of the tail of the parent-generation rats. The 
blood was used for the determination of 
globin by the acid hematin method,’ total white 
blood cell count, and the differential count of 
Schilling.’ Suitable were prepared and 
stained with Wright’s stain. In the study, a total 
of 200 cells was the basis for the differential count 
of Schilling. 


hemo 


smears 


RESULTS AND DISCUSSION 


Growth.—The effect of the chlorophyll 
derivative upon growth and food efficiency 
has been briefly presented by the authors.” 
Detailed information on growth and food 
efficiency for the parent generation and the 
first litters of the parent generation is pre- 
sented in tables 2 and 3. Under the condi- 
tions of this experiment, Na K Cu chloro- 
phyllin included in the ration was neither 
stimulatory nor inhibitory with respect to 
growth and feed efficiency during the first 
ten weeks of growth. After being fed the 
experimental rations for nineteen weeks, 
the body weight of the control females av- 
eraged 217 Gm. and the group fed the Na 


TABLE 1—Composition of the Basal Ration 


Ingredients Per cent 


Crude casein 25.0 
Wheat germ oil (2 1.0. vit. E/Gm.) 3.0 
Cod liver oil (1,000 U.S.P. A, 100 U.S.P. D/Gm.) 2.0 
Salt (U.S.P. XIV) 
Vitamin mix* 
Lard 
Sucrose 

* Vitamin mix supplied per kilogram of ration: thi 
amine, 8 mg.; riboflavin, 8 mg.; pyridoxine, 5 mg.; inos 
itol, 1 Gm.; para-aminobenzoic acid, 0.3 Gm.; biotin, 250 
wg.; folic acid, 50° wg.; calcium pantothenate, 100 mg 
choline, 3 Gm.; nicotinic acid, 8 mg 
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K Cu ehlorophyllin in the ration averaged 
228 Gm. The growth curves for the two 
groups were approximately the same. 
Reproduction.—All the females in both 
groups conceived during the first three- 
week mating period. Table 3 presents the 
data regarding the first litters of the par- 
ent generation. The inclusion of Na K Cu 
chlorophyllin in the ration apparently did 
not influence the number of young con- 
ceived and born. One female in this group 
died soon after successfully whelping 11 
live rats. The death of the female necessi- 
tated the destruction of the 11 young which 
in turn decreased the number of possible 
young weaned as shown in table 3. The 
young rats of three litters all died within 
the first five days following whelping. 
Therefore, of the six litters born to the Na 
K Cu chlorophyllin group only two sur- 
vived to weaning age (21 days). This low 
survival rate, together with the average 
weaning weight of 30 Gm. for the wean- 
lings compared to 40 Gm. weaning weight 
for the controls, suggests Na K Cu chloro- 
phyllin in some way interfered with nor- 
mal livability of the voung rats and /or the 
normal lactation ability of the females. 
Following weaning, the voung rats were 
fed the same ration as their parents. 
Under these conditions, the Na K Cu 


Fig. 1—Row of dark-staining nuclei within sub- 
stance of muscle fiber. Van Gieson’s stain. 
x 430. 
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Fig. 2—Relatively normal muscle fibers sur- 

rounded by areas of active phagocytosis of 

previously degenerated cells. Van Gieson’s 
stain. x 80. 


chlorophyllin first-generation group had an 
average weight at 28 days of age of 48 Gm., 
a gain of 18 Gm..in seven days as com- 
pared to 53 Gm., a gain of 13 Gm., for the 
control group, thus indicating the faetor 
responsible for the poor growth which oe- 
curred during the lactation period appar- 
ently was not present or did not affect 
growth during the seven-day postweaning 
period. However, during this period 4 of 
the weanlings from the Na K Cu chloro- 
phyllin group did show weakness and poor 
coordination of the hind legs so that they 
dragged their rear legs as they moved 
about the cage. These symptoms occurred 
only during the first two to three days fol- 
lowing weaning. 

With respect to the early loss of voung 
by the group of females fed the Na K Cu 
chlorophyllin, it is interesting to note the 
work of Cunningham. Cunningham" re- 
ported normal breeding and whelping by 
those females fed copper acetate, but no 
litters were produced by those females re- 
ceiving verdigis (basic copper acetate 
when added to the ration to supply 7.5 mg. 
of copper per day per rat. These com- 
pounds were not toxie to the adult rat. 

If the Na K Cu chlorophyllin is assumed 
to be the potassium disodium copper salt 
having the formula C,,H,,O,N,Cu K Na., 
it would have the molecular weight of 740. 
The inclusion of this compound at a level 
of 1 per cent in the diet would supply a 
level of 0.87 mg. of copper per gram of 
food. The rats ate an average of 9.4 Gm. 
of diet per day during the first ten weeks. 
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EFFECTS OF CU CHLOROPHYLLIN ON 


TABLE 2—Average Weight Gain and Feed Efficiency of the Parent-Generation Rats 


Ave. 


Ten-week weight gain (Gm.) 188 
Food consumed/ weight gain (10 weeks) 
Nineteen-week weight gain (Gm. ) 217 


* Represents number of animals in the group. 


This would have been an average intake of 
8.1 mg. of copper per rat per day. 

Hematology.—The results of the white 
blood cell counts are shown in table 4. The 
total leukocyte values and the differential 
counts of Schilling were within the range 
of ‘‘standard values’’ as described by Al- 
britton '® for both the control animals and 
those fed chlorophyllin. However, the rats 
fed the ration containing Na K Cu chloro- 
phyllin had an average neutrophil seg- 
mented cell count significantly greater (at 
the 1 % level) than the respective count of 
the control group. The increased number 
of neutrophil cells were responsible for a 
higher total leukocyte count found in the 
rats fed chlorophyllin than in the control 
group. 

The average hemoglobin level for both 
groups was the same at 14 Gm. per 100 ce. 
of blood. Polychromasia an* normoblasts 
were observed in the blood smears of all 
rats in the control group. These cells were 
observed in only 1 of 5 of the animals fed 
the ration containing Na K Cu chlorophyl- 
lin. Cunningham * has reported a possible 
effect of copper to be an increase in ‘‘or- 
ganic iron’’ achieved by the preliminary 
formation of a copper porphyrin and sub- 
sequent replacement of the copper by iron. 
Smith '' has expressed the view, based on 
limited experimental evidence, that Na K 
Cu chlorophyllin might have a stimulating 


TABLE 3—Data Concerning First Litters of 
Parent-Generation Rats 


Na K Cu 
Control chlorophyllin 
No. young born 5$ 54 
No. young weaned { 17 
Ave. weight of weanlings (Gm.) 30 
Ave. 28-day weight (Gm.) 5! 48 
Ave. 7-day gain in weight (Cm.) : 18 


effect upon hematopoiesis as well as a stim- 
ulating effect upon the cells of the reticulo- 
endothelial system. If a copper porphyrin 
is an intermediate in hemoglobin forma- 
tion, as Cunningham suggested, it is pos- 


(6)* 166 to * 192 (6) 178 
3.50(6) 


(6) 207 23: 228 (5) 202 


Control Na K Cu chlorophyllin 


Range Ave Range 
to 211 
3.19 to 3.67 


3.44(6) 


3.33 to 


to 255 


sible that the Na K Cu chlorophyllin stim- 
ulates the rate or alters the pathway of 
hemoglobin and/or erythrocyte formation 
and thus accounts for the absence of poly- 
chromasia and normoblasts. 

Morbid Anatomy.—Six weanling rats 
fed the basal ration and 9 fed the ration 
containing the Na K Cu chlorophyllin were 
destroyed at 28 days of age. The hair of 
all the rats fed the ration containing Na K 
Cu chlorophyllin was rough and pale green 
in color. The skeletal musculature of the 
whole body possessed a greenish hue thus 
indicating a general systemic distribution 


TABLE 4—Total and Differential White Blood 
Cell Counts of Parent-Generation Rats 


Na K Cu 


Elements Control Chlorophyllin 


Absolute Absolute % 


Basophils 
Eosinophils 
Neutrophil band cells 
Neutrophil segmented 

cells 4,104 
Lymphocytes 9,595 
Monocytes 5: 3 462 
Total 14,450 


* Significantly different at , per cent level. 


of the chlorophyll derivative. Antopol and 


Glaubach '* reported the muscles of mice 
were distinctly green six months after in- 
jection of 5 to 25 mg. of Na K Cu chloro- 
phyllin. The marked pallor of several 
hindleg, foreleg, sublumbar, and/or mas- 
seter muscles of the weanling rats was of 
interest. Not all of the rats consistently 
showed degeneration of all muscles men- 
tioned. There was no obvious pattern or 
order of degeneration. Of interest also wes 
the intense green color of the esophageal 
portion of the stomach in all test animals. 
The discoloration was very noticeable even 
through the serosa. The livers were found 
to be consistently paler in color but nor- 
mal in size, shape, and consistency. The 
average liver weight, calculated as _per- 
centage of body weight, was 6.9 for the 
group fed the Na K Cu chlorophyllin ra- 
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tion and 6.1 for the group fed the basal 
ration. 

Histopathological examination of the de- 
generated skeletal muscles taken from 28- 
day-old first-generation rats revealed 
changes consisting of swelling of the mus- 
ele fibers with subsequent hyalinization. 
Oceasionally, a muscle fiber without any 
discernible swelling appeared to contain a 
row of dark-staining nuclei arranged 
within the substance of the fiber and paral- 
lel to its long axis. No mitoses were appar- 
ent (fig. 1). Forbus ** considers the row of 
dividing nuclei as the first evidence of de- 
generation in a field of otherwise normal 
muscle. Areas of marked degeneration and 
hyalinization showed evidence of very ac- 
tive phagocytosis of remnants of the ne- 
erotic muscle by multinucleated cells. Leu- 
kocytes were conspicuously absent. In 
some of the affected areas, relatively nor- 
mal fibers (fig. 2) were observed sur- 
rounded by areas of active phagocytosis of 
previously degenerated cells. The picture 
is one of apparent selective degeneration of 
certain muscle fibers. Tissue sections 
stained by Van Gieson’s method ** indi- 
cated no evidence of fibrosis in and around 
the degenerated foci of muscle. 


SUMMARY 


The effects of including Na K Cu chloro- 
phyllin at a level equivalent to 1 per cent 
of a 100 per cent potency in a ration fed to 
rats has been explored. With 6 females per 
treatment it was found, under the condi- 
tions of this expermient, that Na K Cu 
ehlorophyllin did not influence growth or 
affect the rate of conception or the number 
of young born. The Na K Cu chlorophyllin 
adversely affected the survival of the first- 
generation rats during the first five days 
following birth and adversely affected lac- 
tation as measured in terms of the weight 
of the young rats at weaning age. The in- 
clusion of Na K Cu chlorophyllin in the ra- 
tion of the parent generation caused a sig- 
nificant increase in neutrophils. Hemo- 
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globin values were 14 Gm. per 100 ee. of 
blood for each group, and the inclusion of 
Na K Cu chlorophyllin decreased the inci- 
dence of polychromasia and normoblasts. 
First-generation weanling rats continued 
on Na K Cu chlorophyllin ration showed 
some locomotory difficulties, although their 
growth rate appeared to be satisfactory up 
to 28 days of age. Postmortem examination 
of these rats indicated a general distribu- 
tion of the chlorophyll derivative through- 
out the skeletal muscles. Histological ex- 
amination revealed an apparent selective 
degeneration and phagocytosis of affected 
muscle fibers. 
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Response of the Cave Bat (Myotus Lucifugus) to the “B” Virus 
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College Park, Maryland 


Tne ‘‘B’’ virus was isolated from the 
spleen and central nervous system of pa- 
tient ‘‘B’’ and maintained since the orig- 
inal isolation in 1932 by serial passages in 
rabbits.* The virus is extremely pathogenic 
for rabbits by most routes of inoculation. 
Following intracutaneous injection, a hem- 
orrhagic necrotic area develops around the 
site of inoculation. Sabin and Wright * 
found that one to two days before the 
onset of paralysis, most rabbits exhibit a 
tendency to bite the local lesions. 

This experiment was conducted to deter- 
mine if the cave bat is susceptible to the 
virus, as the bat was found to be suscepti- 
ble to rabies in a previous experiment by 
Reagan et al... and to determine if the 
eave bat would harbor the ‘‘B’’ virus. 


MATERIALS AND METHODS 


The ‘‘B’’ virus (strain 1) used for this study 
was furnished by the American Type Culture Col- 
lection of Washington, D. C. Before receipt at 
this laboratory the virus had been passed 67 times 
in rabbits. Lyophilized rabbit spinal cords of the 
sixty-seventh passage were received at this labo 
ratory and were diluted to a 5 per cent suspension 
with physiological saline. 

One 3-lb. albino rabbit was inoculated intra 
dermally with 0.1 ml. of the 5 per cent suspension. 
The rabbit showed paralysis and nervous symp- 
toms seven days postinoculation. This confirmed 
the original virus, obtained from the lyophilized 
material, to be viable. The balance of the viable 
suspension was used to initiate the following ex 
periment in the cave bats. 

Forty-four healthy cave bats (young, but age 
unknown) were divided into 11 groups of 4 each. 
The bats of each group (except a control group) 
were administered the virus by one of the follow 
ing roates: intracerebral, intraperitoneal, intra 
dermal, intraecardial, intramuseular, intralingual, 
intraoral, intrarectal, intraocular, and subcutane 
ous. In all routes of exposure, the inoculum per 
bat consisted of 0.03 ml. of the 5 per cent sus- 
pension except the rectal route which consisted of 
0.1 ml. of inoeulum per bat. The bats were housed 
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in mouse jars covered with a wire lid (4 bats to 
each jar). Each jar was supplied daily with 1 
tablespoonful of a mixture eontaining cottage 
cheese, bananas, meal worms, and vitamins and a 
small jar of water. Two paper towels also were 
placed in each jar for the bats to use for clinging. 


RESULTS AND 

Table 1 shows the response of bats in- 
fected with ‘‘B’’ virus by different routes 
of exposure. After fourteen days of ex- 
posure, only bats from the intracerebral 
group showed signs of nervous system in- 
volvement. Bats from each exposed group 
were destroyed and their brains aseptic- 
ally removed and pooled. The pools were 
ground separately with physiological saline 
to a 20 per cent suspension and 1 rabbit 
was injected intracerebrally. with each 
pool. The rabbit injected with the suspen 
sion from the intracerebral group showed 
nervous symptoms within seven days. No 
signs of nervous system involvement were 
manifested by the rabbits injected with 
the suspensions from the other groups. 

Bat brain suspension from the intracer- 
ebral group was injected into a _ rabbit 
which had been immunized against ‘‘B’’ 
virus and into a normal rabbit. The latter 
showed symptoms of nervous system in- 
volvement, while the immunized rabbit 
showed no ill effect. This confirmed the 
virus of the intracerebral suspension to be 
‘*B”’ virus. 


TABLE 1—Response of Cave Bats to the “B” 
Virus 


Minimum- 

maximum 

incubation 
period * 
(days) 


No. No 
of bats showing 
exposed symptoms 
4 10 
0 
0 
0 


Route of 
inoculation 


Intracerebral 
Intraperitoneal 
Intradermal 
Intracardial 
Intramuscular 
Intralingual 
Intraoral 
Intrarectal 
Intraocular 
Subcutaneous 
Normal controls 


0 
0 
0 
0 
0 


0 


0 


*Incubation period—-time between 


and onset of symptoms. 


exposure to virus 
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SUMMARY 

This experiment showed the cave bat 
(Myotus lucifugus) to be susceptible to 
the ‘‘B’’ virus by intracerebral inocula- 
tion. Cave bats exposed to the **B’’ virus 
by intraperitoneal, intradermal, intracar- 
dial, intramuscular, intralingual, intraoral, 
intrarectal, intraocular, and subcutaneous 
routes of inoculation evidenced no symp- 
toms of central nervous system involve- 


ment. Brain suspensions of all of the bats 
except those intracerebrally exposed, when 
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injected intradermally into rabbits, failed 
to produce symptoms of central 
system involvement. 


nervous 
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